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(54) EXPOSURE DEVICE AND DEVICE PRODUCING METHOD 

(57) Abstract: A wafer (W) and a table (TB) having the wafer (W) placed thereon are 
held between a water pressure pad (32) and a water pressure pad (34). The distance in 
the direction of the optical axis of a projection optics system (PL) between a bearing 
surface and the wafer (W) is maintained at a predetermined value by the water 
pressure pad (32). Further, since the water pressure pads, unlike static gas pressure 
bearings, utilize the hydrostatic pressure of non-compressive fluid (liquid) between a 
bearing surface and a support object (substrate), the bearing rigidity is high and the 
distance between the bearing surface and the substrate is stabilized and held constant. 
Further, liquid (e.g., pure water) is higher in viscosity than gas (e.g., air) and is 
superior in vibration damping to gas. Therefore, transfer of patterns onto an almost 
defocus-free wafer (substrate) can be realized without necessarily having to provide a 
focal position detecting system or the like. 

20: MAIN CONTROL DEVICE 
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SPECIFICATION 
Exposure apparatus and device manufacturing method 

Technical Field 

[0001] The present invention relates to exposure apparatus, and device 
manufacturing methods, and more particularly to an exposure apparatus used in a 
lithography process where electronic devices such as semiconductor devices, liquid 
crystal display devices, or the like are manufactured, and a device manufacturing 
method that uses the exposure apparatus. 

Background Art 

[0002] In a lithography process for producing electronic devices such as 
semiconductor devices (integrated circuits), liquid crystal display devices, or the like, 
a projection exposure apparatus is used that transfers the image of a pattern formed on 
a mask or a reticle (hereinafter generally referred to as a 'reticle') via a projection 
optical system onto each of the shot areas of a photosensitive substrate (hereinafter 
referred to as a 'substrate' or a 'wafer') such as a wafer, a glass plate, or the like whose 
surface is coated with a resist (photosensitive agent). As this type of projection 
exposure apparatus, conventionally, a reduction projection exposure apparatus by a 
step-and-repeat method (the so-called stepper) has been frequently used. However, 
recently, a projection exposure apparatus by a step-and-scan method (the so-called 
scanning stepper) that performs exposure by synchronously scanning the reticle and 
the wafer is also gathering attention. 

[0003] The resolution of the projection optical system equipped in the 
projection exposure apparatus becomes higher when the wavelength (hereinafter also 
referred to as 'exposure wavelength') of the exposure light used becomes shorter, and 
when the numerical aperture (NA) of the projection optical system becomes larger. 
Therefore, the exposure wavelength used in the projection exposure apparatus is 
becoming shorter each year due to finer integrated circuits, along with the increase in 
the numerical aperture of the projection optical system. The exposure wavelength 
currently mainly used is 248 nm of the KrF excimer laser, however, a shorter 
wavelength of 193 nm of the ArF excimer laser has also been put to practical use. 

[0004] In addition, along with resolution, depth of focus (DOF) is also 
important when exposure is performed. Resolution R and depth of focus 5 can be 
expressed as in the equations below. 

[0005]R = ki#A/NA ... (1) 

8 = k 2 *X/NA 2 ... (2) 

[0006] In this case, X is the exposure wavelength, NA is the numerical 
aperture of the projection optical system, and ki and k 2 are process coefficients. From 
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equations (1) and (2), it can be seen that when exposure wavelength X is shortened 
and numerical aperture NA is enlarged (increased NA) to increase resolution R, depth 
of focus 5 becomes narrow. In a projection exposure apparatus, when exposure is 
performed, an auto-focus method is used to make the surface of the wafer match the 
image plane of the projection optical system. Accordingly, it is desirable for depth of 
focus 5 to have a certain amount of width. Therefore, methods have been proposed in 
the past to substantially widen the depth of focus, such as the phase shift reticle 
method, the modified illumination method, the multi-layer resist method, and the like. 

[0007] As is described above, in the conventional projection exposure 
apparatus, the depth of focus is becoming narrow due to the shorter exposure 
wavelength and the increased NA of the projection optical system. And, in order to 
cope with higher integration of the integration circuit, the exposure wavelength is 

^ - 

presumed to be shorter in the future. If such a situation continues, the depth of focus 
may become too narrow so that margin shortage may occur during the exposure 
operation. 

[0008] Therefore, as a method of substantially shortening the exposure 
wavelength while increasing (widening) the depth of focus when compared with the 
depth of focus in the air, an immersion exposure method (hereinafter also 
appropriately referred to as 'immersion method') has been proposed. In the immersion 
method, resolution is improved by filling the space between the end surface of the 
projection optical system and the wafer surface with liquid such as water or an 
organic solvent to make use of the fact that the wavelength of the exposure light in the 
liquid becomes 1/n of the wavelength in the air (n is the refractive index of the liquid 
which is normally around 1 .2 to 1 .6). In addition, in the immersion method, the depth 
of focus is substantially increased n times when compared with the case where the 
same resolution is obtained by a projection optical system (supposing that such a 
projection optical system can be made) that does not employ the immersion method. 
That is, the depth of focus is substantially increased n times than that in the air. 

[0009] However, in the case the immersion method above is merely applied to 
a projection exposure apparatus by the step-and-repeat method, the liquid spills from 
the space between the projection optical system and the wafer when the wafer is 
moved in between shots by a step movement to the exposure position for the next shot 
area after exposure of a shot area has been completed. Therefore, the liquid has to be 
supplied again, and the recovery of the liquid could also be difficult. In addition, in 
the case when the immersion method is applied to a projection exposure apparatus by 
the step-and-scan method, because exposure is performed while moving the wafer, the 
liquid has to be filled in the space between the projection optical system and the wafer 
while the wafer is being moved. 
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[0010] Considering such points, a proposal has been recently made on 'an 
invention related to a projection exposure method and a unit where a predetermined 
liquid flows along the moving direction of a substrate, so that the liquid fills in the 
space between the end portion of an optical element on the substrate side of a 
projection optical system and the surface of the substrate when the substrate is moved 
in a predetermined direction,' (for example, refer to patent document 1 below). 

[001 1] Besides such a proposal, as a proposal for improving resolution as in 
the immersion exposure method, a lithography system is known that places a solid 
immersion lens in the section between a projection lithography lens system 
(projection optical system) and a sample (for example, refer to patent document 2 
below). 

[0012] According to the invention disclosed in patent document 1 below, 
exposure with high resolution and a larger depth of focus than the depth of focus in 
the air can be performed by the immersion method, and the liquid can also be filled in 
the space between projection optical system and the substrate in a stable manner, or in 
other words, can be held, even when the projection optical system and the wafer 
relatively moves. 

[0013] However, in the invention disclosed in patent document 1 below, 
because the supply piping, the recovery piping, and the like are arranged outside the 
projection optical system, the degree of freedom is limited for peripherals such as 
sensors of various kinds like a focus sensor or an alignment sensor that have to be 
arranged around the projection optical system. 

[0014] In addition, in the invention according to patent document 1 below, in 
the case there is a flow in the liquid filled in the space between the projection optical 
system and the substrate, when the liquid is irradiated by the exposure light on 
exposure, temperature inclination or pressure inclination relative to the direction of 
the flow may occur within the projection area of the pattern in the space between the 
projection optical system and the substrate. Especially when the space in between the 
projection optical system and the substrate is large, or in other words, the layer of 
liquid is thick, such temperature inclination or pressure inclination could be the cause 
of aberration such as inclination of image plane, which could lead to partial 
deterioration in the transfer accuracy of the pattern, which in turn could be the cause 
of deterioration in the line width uniformity of the transferred image of the pattern. 
Accordingly, the layer of liquid is preferably thin. However, in this case, the space in 
between the projection optical system and the substrate becomes narrow, which 
makes it difficult to arrange a focus sensor. 

[0015] In addition, in the invention according to patent document 1 below, it is 
difficult to recover the liquid completely, and the probability was high for the liquid 
used for immersion to remain on the wafer after exposure. In such a case, temperature 
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distribution in the atmosphere or a refractive index change in the atmosphere occurs 
by the heat of vaporization generated when the remaining liquid evaporates, and these 
phenomena could be the cause of measurement errors in a laser interferometer system 
that measures the position of the stage on which the wafer is mounted. Furthermore, 
the remaining liquid on the wafer could move to the back side of the wafer, which 
could make the wafer stick to the carrier arm and difficult to separate. 

[0016] Meanwhile, in the lithography system according to patent document 2 
below, the distance between the solid immersion lens (hereinafter shortened 
appropriately as 'SIL') and the sample is maintained at around 50 nm or under. 
However, in the lithography system in the near future whose target is to transfer and 
form a fine pattern onto a sample (such as a wafer) at a line width of around 70 nm or 
under, when an air layer whose thickness is 50 nm exists between the SIL and the 
sample, it becomes difficult to obtain sufficient resolution in the image of the fine 
pattern referred to above. That is, in order to obtain sufficient resolution in the fine 
pattern above, the distance between the SIL and the sample has to be maintained at a 
maximum of 30 nm or under. 

[0017] However, in the lithography system according to patent document 2 
below, because a configuration using air bearings is employed to maintain the 
distance between the SIL and the sample, it is difficult to obtain sufficient vibration 
damping due to the nature of air bearings. As a result, the distance between the SIL 
and the sample could not be maintained at 30 nm or under. 

[0018] As is described, in the conventional examples disclosed in patent 
documents 1 and 2 below and the like, various points are found that should be 
improved. 

[0019] Patent Document 1 : the pamphlet of International Publication Number 
WO99/49504 

Patent Document 2: the description of U.S. Pat. No. 5,121,256. 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0020] The present invention was made under such circumstances, and has as 
its first object to provide an exposure apparatus that can transfer a pattern onto a 
substrate almost free from defocus, without necessarily having to arrange a focal 
position detection system. 

[0021] In addition, the second object of the present invention is to provide an 
exposure apparatus suitable for the immersion method that has a plurality of tables. 

[0022] In addition, the third object of the present invention is to provide a 
device manufacturing method that can improve the productivity of highly integrated 
microdevices. 
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Means for Solving the Problem 

[0023] According to a first aspect of the present invention, there is provided a 
first exposure apparatus that illuminates a pattern with an energy beam and transfers 
the pattern onto a substrate via a projection optical system, the exposure apparatus 
comprising: a table on which a substrate is mounted that can move two-dimensionally 
while holding the substrate; and a hydrostatic bearing unit arranged on an image plane 
side of the projection optical system, the unit including at least one hydrostatic 
bearing that supplies liquid in a space between a bearing surface facing the substrate 
mounted on the table and the substrate so as to maintain the distance between the 
bearing surface and the surface of the substrate by static pressure of the liquid. 

[0024] According to the exposure apparatus, the hydrostatic bearing unit 
maintains the distance between the bearing surface of the hydrostatic bearing and the 
surface of the substrate in the direction of the optical axis of the projection optical 
system at a predetermined value. Unlike static gas bearings, hydrostatic bearings 
utilize the static pressure of the liquid supplied to the space between the bearing 
surface and the support object (substrate), which is an incompressible fluid, therefore, 
the rigidity of the bearings is high, and the distance between the bearing surface and 
the substrate can be maintained both stable and constant. In addition, liquid (e.g., 
pure water) is higher in viscosity than gas (e.g., air) and is superior in vibration 
damping when compared with gas. Accordingly, with the exposure apparatus of the 
present invention, pattern transfer onto a substrate substantially free from defocus can 
be achieved, without necessarily having to arrange a focal position detection system. 

[0025] In this case, in a state where higher refractive index fluid than air 
constantly exists in the space between the projection optical system and the surface of 
the substrate, exposure of the substrate can be performed with the energy beam via the 
pattern, the projection optical system, and the high refractive index fluid. In such a 
case, because the substrate is exposed with the energy beam in a state where the 
higher refractive index fluid than air constantly exists in the space between the 
projection optical system and the surface of the substrate, via the pattern, the 
projection optical system, and the high refractive index fluid, the wavelength of the 
energy beam on the surface of the substrate can be shortened to l/n 01 of the 
wavelength in the air (n is the refractive index of the high refractive index fluid), and 
furthermore, the depth of focus is widened n times compared to the depth of focus in 
the air. 

[0026] In this case, the high refractive index fluid can be liquid. 

[0027] In this case, liquid for the hydrostatic bearing can be used as the high 
refractive index fluid to fill the space between the projection optical system and the 
substrate on the table. 
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[0028] In the first exposure apparatus of the present invention, the at least one 
hydrostatic bearing can be arranged in a state where a positional relation with the 
projection optical system is constantly maintained in a direction of an optical axis of 
the projection optical system. 

[0029] In the first exposure apparatus of the present invention, an optical 
member (22) closest to the substrate that constitutes the projection optical system can 
have a curved surface on the pupil plane side and a planar surface on the image plane 
side. 

[0030] In this case, the planar surface on the image plane side of the optical 
member closest to the substrate constituting the projection optical system can be 
substantially co-planar with the bearing surface of the hydrostatic bearing. In such a 
case, for example, it becomes possible to maintain the distance between the optical 
member and the substrate at around 10 jam. Especially when the space between the 
projection optical system and the surface of the substrate is filled with the high 
refractive index fluid, the amount of the high refractive index fluid consumed will be 
extremely small, and the image forming quality of the pattern image will be less 
affected by the refractive index change (caused by temperature or the like) of the 
fluid. Further, especially when the high refractive index fluid is liquid, it is 
advantageous when drying the substrate. 

[003 1] In the first exposure apparatus of the present invention, the hydrostatic 
bearing unit can supply the liquid to a space between the bearing surface of the at 
least one hydrostatic bearing and the substrate, and can also drain liquid in the space 
between the bearing surface and the substrate outside using negative pressure. In such 
a case, the hydrostatic bearing will have a higher rigidity, and can maintain the 
distance between the bearing surface and the substrate constantly with more stability. 

[0032] In this case, the at least one hydrostatic bearing can be arranged in a 
state surrounding a projection area of the pattern on the substrate. 

[0033] In this case, as the at least one hydrostatic bearing, a plurality of 
hydrostatic bearings can be used, and the plurality of hydrostatic bearings can be 
arranged in a state surrounding the projection area of the pattern on the substrate, or 
the at least one hydrostatic bearing can be a single bearing that has a bearing surface 
which surrounds the projection area of the pattern on the substrate. 

[0034] In the first exposure apparatus of the present invention, in the case 
where at least one hydrostatic bearing is arranged in a state surrounding the projection 
area of the pattern on the substrate, on the bearing surface of the hydrostatic bearing, a 
plurality of ring-shaped grooves can be formed multiply, and the plurality of grooves 
can contain at least one each of a liquid supply groove and a liquid drainage groove. 
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[0035] In this case, the plurality of grooves can include a liquid supply groove, 
and at least one each of a liquid drainage groove, the liquid drainage grooves formed 
on both the outer and inner sides of the liquid supply groove, respectively. 

[0036] In the first exposure apparatus of the present invention, in the case the 
at least one hydrostatic bearing is arranged in a state surrounding the projection area 
of the pattern on the substrate, the exposure apparatus can further comprise: a gap 
sensor arranged in the hydrostatic bearing that measures the distance between the 
bearing and the surface of the substrate in at least one measurement point, wherein the 
hydrostatic bearing unit can adjust at least one of negative pressure for draining the 
liquid and positive pressure for supplying the liquid, according to measurement values 
of the gap sensor. 

[0037] In the first exposure apparatus of the present invention, the exposure 
apparatus can further comprise: at least one fluid static bearing that is arranged facing 
the hydrostatic bearing via the table, the fluid static bearing supplying fluid to a space 
between a bearing surface facing the table and the table so that a gap between the 
bearing surface and a surface of the table can be maintained by static pressure of the 
fluid. In such a case, the table and the substrate on the table is consequently held in 
the vertical direction by the hydrostatic bearing described earlier and the fluid static 
bearing described above. In this case, for example, the distance between each of the 
bearing surfaces and the substrate or the table can be maintained stable and constant at 
around 1 0 \xm or under. Accordingly, the table itself does not have to have high 
rigidity, which makes it possible to reduce the thickness of the table, and also reduce 
its weight. 

[0038] In this case, the fluid static bearing can be a single bearing that has a 
bearing surface which surrounds an area corresponding to a projection area on the 
opposite side of a surface of the table where the substrate is mounted. 

[0039] In this case, a plurality of annular grooves can be multiply formed on 
the bearing surface of the fluid static bearing, the plurality of grooves containing at 
least one each of a fluid supply groove and a fluid drainage groove. 

[0040] In this case, the plurality of grooves can include a fluid supply groove, 
and at least one each of a fluid drainage groove, the fluid drainage grooves formed on 
both the outer and inner sides of the fluid supply groove, respectively. 

[0041] In the first exposure apparatus of the present invention, when the 
exposure apparatus comprises the fluid static bearing described above, the fluid can be 
liquid. More specifically, as the fluid static bearing, the hydrostatic bearing can be 
used. In such a case, the table and the substrate on the table are held in the vertical 
direction by the liquid, which is an incompressible fluid, therefore, the table and the 
substrate on the table can be held in a more stable manner. In this case, because the 
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bearings above and below both have high rigidity, the distance between each of the 
bearing surfaces and the substrate or the table can be maintained constant more stably. 

[0042] In the first exposure apparatus of the present invention, the distance 
between the bearing surface and the surface of the substrate can be maintained larger 
than zero and around 1 0 jam and under. 

[0043] In the first exposure apparatus of the present invention, the exposure 
apparatus can further comprise: a position detection system that detects positional 
information of the table within a plane where the table moves two-dimensionally as is 
earlier described. 

[0044] According to a second aspect of the present invention, there is provided 
a second exposure apparatus that supplies liquid in a space between a projection 
optical system and a substrate, illuminates a pattern with an energy beam, and 
transfers the pattern onto the substrate via the projection optical system and the liquid, 
the exposure apparatus comprising: a first table where a mount area of the substrate is 
formed and the surface of an area around the mount area is set substantially flush to 
the surface of a substrate mounted on the mount area, the first table being movable 
within an area of a predetermined range that includes a first area containing a position 
just below the projection optical system where the liquid is supplied and a second area 
on one side of an axial direction of the first area; a second table whose surface is set 
substantially flush to the surface of the substrate, the second table being movable 
independently from the first table within an area including the first area and the 
second area; and a stage drive system that drives the first table and the second table, 
and also drives the first table and the second table simultaneously while maintaining a 
state that is both tables being close together or both tables being in contact in the axial 
direction, from the second area side toward the first area side in the axial direction on 
a transition from a first state where one of the tables is positioned at the first area to a 
second state where the other table is positioned at the first area. 

[0045] According to the exposure apparatus, on a transition from a first state 
where one of the tables is positioned at the first area, which includes the position just 
under the projection optical system where liquid is supplied, to a second state where 
the other table is positioned at the first area, the stage drive system drives the first 
table and the second table simultaneously in the axial direction from the second area 
side toward the first area side while maintaining a state where both tables are close 
together or both tables are in contact in the axial direction. Therefore, one of the 
tables is constantly located just under the projection optical system, and the state 
where an immersion area is formed in the space between the table (the substrate or the 
periphery of the area where the substrate is mounted) and the projection optical 
system is maintained, which allows the liquid to be held in the space between the 
projection optical system and the table and the liquid can be kept from spilling. 
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[0046] In addition, in a lithographic process, by performing exposure using 
one of the first and second exposure apparatus in the present invention, the pattern can 
be formed on the substrate with good accuracy, which allows production of higher 
integrated microdevices with good yield. Accordingly, further from another aspect of 
the present invention, it can be said that the present invention is a device 
manufacturing method that uses one of the first and second exposure apparatus in the 
present invention. 

Brief Description of the Drawings 

[0047] FIG. 1 is a view that schematically shows a configuration of an 
exposure apparatus in a first embodiment of the present invention. 

FIG. 2 is a perspective view that shows a configuration of a drive unit with a 
wafer table TB. 

FIG. 3 is a view that schematically shows a sectional view of the drive unit in 
FIG. 2 in an XZ plane, with a piping system used to supply/drain liquid to hydrostatic 
pads. 

FIG. 4 is a bottom surface view of a hydrostatic pad 32. 

FIG. 5 is a view that shows a flow of water around hydrostatic pads 32 and 34, 
in the case the hydrostatic pads support a wafer table. 

FIG. 6 is a block diagram that shows a partly omitted configuration of a 
control system, which is employed in the exposure apparatus in the first embodiment. 

FIG. 7 is a view that shows a configuration of a wafer table in the case an 
interferometer is used as a position detection system. 

FIG. 8 is a view used to describe a modified example. 

FIG. 9 is a planar view that shows a configuration related to a wafer stage unit, 
which constitutes an exposure apparatus in a second embodiment. 

FIG. 10 is a view used to describe an operation at the time of a wafer table 
exchange in the second embodiment. 

FIG. 1 1 A is a view used to describe a modified example of a hydrostatic pad. 

FIG. 1 IB is a view that shows a water supply piping (and a water drainage 
piping) that can be suitably used in the hydrostatic pad in FIG. 1 1 A. 

FIG. 12 is a flow chart used to explain an embodiment of a device 
manufacturing method according to the present invention. 

FIG. 13 is a flow chart that shows a concrete example related to step 204 in 
FIG. 12. 

Preferred Embodiment of the Present Invention 
[0048] First Embodiment 
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A first embodiment of the present invention will be described below, referring 
to FIGS. 1 to 6. 

[0049] FIG. 1 shows the entire configuration of an exposure apparatus 1 00 
related to the first embodiment. The exposure apparatus 100 is a projection exposure 
apparatus (the so-called scanning stepper) by the step-and-scan method. The 
exposure apparatus 100 is equipped with: an illumination system 10; a reticle stage 
RST that holds a reticle R serving as a mask; an optical unit PU; a wafer table TB that 
serves as a table on which a wafer W serving as a substrate is mounted; a main 
controller 20 that has overall control over the entire apparatus, and the like. 

[0050] As is disclosed in, for example, Japanese Unexamined Patent 
Application Publication No. 2001-313250 and its corresponding U.S. Patent 
Application Publication No. 2003/0025890, the illumination system 10 has an 
arrangement that includes parts such as a light source, an illuminance uniformity 
optical system that includes an optical integrator or the like, a beam splitter, a relay 
lens, a variable ND filter, a reticle blind (none of which are shown), and the like. 
Besides such an arrangement, the illumination system 10 can also have a 
configuration similar to the illumination system disclosed in, for example, Japanese 
Unexamined Patent Application Publication No. 6-349701 and its corresponding U.S. 
Pat. No. 5,534,970, and the like. 

[0051] In the illumination system 10, an illumination light (exposure light) IL 
serving as an energy beam illuminates a slit-shaped illumination area set by the reticle 
blind on the reticle R where the circuit pattern or the like is fabricated with 
substantially uniform illuminance. As the illumination light IL, the ArF excimer laser 
beam (wavelength: 193nm) is used as an example. As the illumination light IL, far 
ultraviolet light such as the KrF excimer laser beam (wavelength: 248nm) or bright 
lines in the ultraviolet region generated by an ultra high-pressure mercury lamp (such 
as the g-line or the i-line) can also be used. In addition, as the optical integrator, parts 
such as a fly-eye lens, a rod integrator (an internal reflection type integrator), or a 
diffraction optical element can be used. As long as the national laws in designated 
states or elected states, to which this international application is applied, permit, the 
disclosures of the publications, the corresponding U.S. Patent, and the corresponding 
publication of the U.S application cited above are fully incorporated herein by 
reference. 

[0052] On the reticle stage RST, the reticle R is fixed, for example, by vacuum 
suction. The reticle stage RST is structured finely drivable in an XY plane 
perpendicular to the optical axis of the illumination system 1 0 (coinciding with an 
optical axis AX of the optical system described later) by a reticle stage drive section 
1 1 (not shown in FIG. 1, refer to FIG. 6) that includes parts such as a linear motor. 
The reticle stage RST is structured also drivable in a predetermined scanning direction 
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(in this case, a Y-axis direction, which is the lateral direction of the page surface in 
FIG. 1) at a designated scanning speed. 

[0053] The position of the reticle stage RST within the XY plane is detected 
constantly with a reticle laser interferometer (hereinafter referred to as a 'reticle 
interferometer') 16 via a movable mirror 15, at a resolution, for example, around 0.5 
to 1 nm. In actuality, on the reticle stage RST, a movable mirror that has a reflection 
surface orthogonal to the Y-axis direction and a movable mirror that has a reflection 
surface orthogonal to an X-axis direction are arranged, and corresponding to these 
movable mirrors, a reticle Y interferometer and a reticle X interferometer are 
arranged; however in FIG. 1, such details are representatively shown as the movable 
mirror 15 and the reticle interferometer 16. Incidentally, for example, the edge 
surface of the reticle stage RST may be polished in order to form a reflection surface 

• ■ 

(corresponds to the reflection surface of the movable mirror 15). In addition, instead 
of the reflection surface that extends in the X-axis direction used for detecting the 
position of the reticle stage RST in the scanning direction (the Y-axis direction in this 
embodiment), at least one corner cubic mirror (such as a retroreflector) may be used. 
Of the interferometers reticle Y interferometer and reticle X interferometer, one of 
them, such as the reticle Y interferometer, is a dual-axis interferometer that has two 
measurement axes, and based on the measurement values of the reticle Y 
interferometer, the rotation of the reticle stage RST in a 6z direction (the rotational 
direction around a Z-axis) can be measured in addition to the Y position of the reticle 
stage RST. 

[0054] The positional information on the reticle stage RST from the reticle 
interferometer 16 is sent to the main controller 20. The main controller 20 drives and 
controls the reticle stage RST via the reticle stage drive section 1 1 (refer to FIG. 6), 
based on the positional information of the reticle stage RST. 

[0055] The projection unit PU is disposed below the reticle stage RST in FIG. 
1 . The projection unit PU is equipped with a barrel 40, and an optical system 42, 
which is made up of a plurality of optical elements, or to be more specific, a plurality 
of lenses (lens elements) that share the same optical axis AX in the Z-axis direction, 
held at a predetermined positional relationship within the barrel. Further, in the 
embodiment, a hydrostatic pad 32 serving as a fluid static bearing is integrally 
attached to the lower end (the tip of the barrel 40 that holds the optical element 
(optical member) closest to the image plane side (wafer W side) constituting the 
optical system 42) of the barrel 40, and inside an opening formed in the center of the 
hydrostatic pad 32, a solid immersion lens (hereinafter simply referred to as 'SIL') 22 
is arranged (refer to FIG. 3). The SIL 22 consists of a plane-convex lens, and its 
planar surface (hereinafter referred to as a 'lower surface' for the sake of convenience) 
faces downward and is arranged so that the lower surface is substantially co-planar 
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with the bearing surface of the hydrostatic pad 32. The SIL 22 is made from a 
material whose refractive index nsiL is around 2 to 2.5. 

[0056] In the embodiment, the optical system 42 and the SIL 22 inside the 
barrel 40 substantially configure a projection optical system consisting of, for 
example, a both-side telecentric dioptric system that has a predetermined projection 
magnification (such as 1/4 or 1/5 times). Hereinafter, the projection optical system 
will be described as the projection optical system PL. 

[0057] In this case, when the illumination area of the reticle R is illuminated 
by the illumination light IL from the illumination system 10, the illumination light IL 
that has passed through the reticle R forms a reduced image of the circuit pattern 
within the illumination area of the reticle R (a reduced image of a part of the circuit 
pattern) on the wafer W whose surface is coated with a resist (photosensitive agent), 
on the irradiation area (hereinafter also referred to as 'exposure area 1 ) of the 
illumination light conjugate with the illumination area, via the projection optical 
system PL. 

[0058] In addition, although it is omitted in the drawings, among the plurality 
of lenses making up the optical system 42, a plurality of specific lenses operate under 
the control of an image forming quality correction controller 8 1 based on instructions 
from the main controller 20, so that optical properties (including image forming 
quality) of the projection optical system PL, such as magnification, distortion, coma, 
and curvature of image plane (including inclination of image plane), and the like can 
be adjusted. 

[0059] The configuration and the like of the hydrostatic pad 32 and the piping 
system connecting to the hydrostatic pad 32 will be described later in the description. 

[0060] The wafer table TB is constituted by a rectangular plate member, and 
on its surface, an auxiliary plate 24 is fixed that has a circular opening (refer to FIG. 
2) formed in the center thereof. As is shown in FIG. 2, a gap D exists between the 
auxiliary plate 24 and the wafer W, which is set at 3 mm or under. In addition, 
although a notch (a V-shaped cut) is formed in a part of the wafer W, it is omitted in 
the drawings since the notch is around 1 mm, smaller than gap D. 

[0061] In addition, a circular opening is formed in a part of the auxiliary plate 
24, and a fiducial mark plate is embedded tightly into the opening. The surface of the 
fiducial mark plate FM is to be co-planar with the auxiliary plate 24. On the surface 
of the fiducial mark plate FM, various kinds of fiducial marks (none of which are 
shown) are formed, which are used for reticle alignment (to be described later), 
baseline measurement by an alignment detection system ALG (also to be described 
later), and the like. 

[0062] In actual fact, as is shown in FIG. 3, an elastic body 25 is incorporated 
between the auxiliary plate 24 and the wafer table TB. In this case, when the 
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hydrostatic pad 32 is not positioned above the auxiliary plate 24, the upper surface of 
the auxiliary plate 24 is set always lower than the upper surface of the wafer W. And, 
in a state where the hydrostatic pad 32 is positioned above the auxiliary plate 24, the 
upper surface of the auxiliary plate 24 rises until it coincides with the upper surface of 
the wafer W by the balance of positive pressure and negative pressure of the 
hydrostatic pad 32. This allows the gap between the hydrostatic pad 32 and the upper 
surface of the auxiliary plate 24 facing the hydrostatic pad 32 to be constantly 
maintained, therefore, the pressure can be maintained at a constant level and the 
amount of water leakage can be substantially reduced to zero. 

[0063] The wafer table TB is configured movable not only in the scanning 
direction (the Y-axis direction) but also in the non-scanning direction (the X-axis 
direction) orthogonal to the scanning direction by the drive unit (to be described 
later), so that the plurality of shot areas on the wafer W can be positioned to the 
exposure area conjugate with the illumination area referred to earlier. The 
arrangement allows the wafer table TB to perform a step-and-scan operation in which 
an operation for scanning exposure of each shot area on the wafer W and an operation 
(movement operation performed between divided areas) for moving the wafer W to 
the acceleration starting position (scanning starting position) to expose the next shot 
are repeated. 

[0064] In addition, as is shown in FIG. 1 , on the lower surface (rear surface) of 
the wafer table TB, a hydrostatic pad 34 serving as a fluid static bearing is arranged 
facing the hydrostatic pad 32, and the hydrostatic pad 34 is fixed on the upper surface 
of a fixed member 36. In this case, the wafer table TB and the wafer W placed on the 
wafer table TB are held by the hydrostatic pad 32 and the hydrostatic pad 34 vertically 
in a non-contact manner. The configuration and the like of the hydrostatic pad 34 and 
the piping system connecting to the hydrostatic pad 34 will be described later in the 
description. 

[0065] In addition, the position of the wafer table TB within the XY plane 
(including rotation around the Z-axis (9z rotation)) is measured with an encoder 96. 
This point will also be described later in the description. 

[0066] Next, a drive unit that drives the wafer table TB will be described, 
referring to FIGS. 2 and 3. FIG. 2 shows a perspective view of a configuration of a 
drive unit 50 along with the wafer table TB and the like, and FIG. 3 schematically 
shows the XZ section of the drive unit 50, along with the piping system for 
supply/drainage to the hydrostatic pads 32 and 34. 

[0067] The drive unit 50 is equipped with a stage 52 (refer to FIG. 2) that 
movably supports the wafer table TB from below, a first drive mechanism that drives 
the wafer table TB in the Y-axis direction, which is the scanning direction, as well as 
finely drives the wafer table TB in the non-scanning direction (the X-axis direction), 
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and a second drive mechanism that drives the wafer table TB integrally with the stage 
52 in the X-axis direction. 

[0068] The stage 52 is constituted by a rectangular frame-shaped member 
(refer to FIG. 3). On the bottom surface of the rectangular frame-shaped member, for 
example, a pair of X movers 54A and 54B is arranged on both sides in the Y-axis 
direction, as is shown in FIG. 2. The movers are each composed of a magnetic pole 
unit that has a plurality of permanent magnets arranged at a predetermined spacing in 
the X-axis direction. And, X stators 56A and 56B, which are each composed of an 
armature unit and constitute X-axis linear motors 58 A and 58B along with the X 
movers 54A and 54B, respectively, are arranged each extending in the X-axis 
direction. The X stators 56A and 56B are arranged within the same XY plane at a 
predetermined spacing in the Y-axis direction, and the X stators are each supported by 
support members (not shown). The X stators 56A and 56B have a U-shaped sectional 
shape where movers 54A and 54B can be inserted inside, and on at least one surface 
that faces the movers 54A and 54B, the X stators have a plurality of armature coils 
arranged at a predetermined spacing in the X-axis direction. 

[0069] The X-axis linear motors 58A and 58B that have the configuration 
described above drive the wafer table TB in the X-axis direction integrally, with the 
stage 52. That is, the X-axis linear motors 58A and 58B constitute at least a part of 
the second drive mechanism. 

[0070] As is shown in FIG. 3, the wafer table TB is levitationally supported 
via a clearance of around several \xm above the upper surface of the stage 52, via a 
plurality of the air bearings 48 arranged close to the edge of the bottom surface of the 
wafer table TB on both ends in the X-axis direction. 

[0071] As is shown in FIG. 2, a pair of Y movers 60A and 60B is arranged, 
respectively, on the edge surface of the wafer table TB on both ends in the X-axis 
direction at a position substantially in the center of the Y-axis direction. The movers, 
for example, are each composed of a magnetic pole unit that has a plurality of 
permanent magnets arranged at a predetermined spacing in the Y-axis direction. And, 
Y stators 62A and 62B, which constitute Y-axis linear motors 64A and 64B, along 
with the Y movers 60 A and 60B, respectively, are arranged on the upper surface of 
the stage 52 on both ends of the X-axis direction, each extending in the Y-axis 
direction. The Y stators 62A and 62B are each composed of, for example, an 
armature unit that has a plurality of armature coils arranged at a predetermined 
spacing in the Y-axis direction. The Y-axis linear motors 64A and 64B drive the 
wafer table TB in the Y-axis direction. In addition, by slightly differentiating the 
drive force generated by the Y-axis linear motors 64A and 64B, the wafer table TB 
can be rotated around the Z-axis. 



15 



[0072] Furthermore, on the edge surface of the wafer table TB on one end (the 
-X end) in the X-axis direction, U-shaped permanent magnets 66A and 66B are 
arranged on the +Y and -Y sides of the Y mover 60B. The permanent magnets 66 A 
and 66B each constitute a voice coil motor, along with the Y stator 62B. These voice 
coil motors finely drive the wafer table TB in the X-axis direction. Hereinafter, these 
voice coil motors will also be referred to as voice coil motors 66A and 66B using the 
same reference numerals as the permanent magnets, which are the movers of the voice 
coil motors. 

[0073] As is obvious from the description so far, the Y-axis linear motors 64 A 
and 64B and the voice coil motors 66A and 66B constitute at least a part of the first 
drive mechanism. 

[0074] Referring back to FIG. 1, the alignment detection system ALG by the 
off-axis method is arranged on the side surface of the barrel 40 of the optical unit PU. 
As the alignment detection system ALG, for example, an alignment sensor of an FIA 
(Field Image Alignment) system based on an image-processing method is used. The 
alignment sensor irradiates a broadband detection beam that does not expose the resist 
on the wafer on a target mark, picks up the image of the target mark formed on the 
photodetection surface by the reflection light from the target mark and the image of an 
index (not shown) using a pick-up device (such as a CCD), and outputs the imaging 
signals. And, based on the output of the alignment detection system ALG, positional 
measurement of the fiducial marks on the fiducial mark plate FM and alignment 
marks on the wafer W in the X, Y two-dimensional directions can be performed. 

[0075] Next, the hydrostatic pads 32 and 34, and the piping connecting to the 
hydrostatic pads will be described, referring to FIGS. 3 and 4. 

[0076] As is shown in FIG. 3, on the end (lower end section) of the barrel 40 
of the optical unit PU on the image-plane side, a tapered section 40a is formed whose 
diameter becomes smaller the lower it becomes. In this case, the lens closest to the 
image plane (not shown) that constitutes the optical system 42, or in other words, the 
lens second closest to the image plane that constitutes the projection optical system 
PL, is arranged inside the tapered section 40a. 

[0077] As an example of the hydrostatic pad 32 attached below the barrel 40, a 
thick pad that has an annular shape (donut shape) whose outer diameter is 
approximately 60 mm, inner diameter is approximately 35 mm, and the height around 
20 to 50 mm is used. The hydrostatic pad 32 is fixed in a state where its bearing 
surface (the bottom surface) is parallel to the XY plane, with the surface (the upper 
surface) opposite to the bearing surface fixed to the lower end surface of the barrel 40. 
Accordingly, in the embodiment, the positional relation between the hydrostatic pad 
32 and the projection optical system PL relative to the direction of the optical axis AX 
of the projection optical system PL is maintained constant. 
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[0078] On the bearing surface (the bottom surface) of the hydrostatic pad 32, 
as it can be seen when viewing FIG. 3 together with FIG. 4, which is a view of the 
bottom surface of the hydrostatic pad 32, a ring-shaped drainage groove 68 serving as 
a liquid drainage groove (a groove), a ring-shaped water supply groove 70 serving as 
a liquid supply groove (a groove), and a ring-shaped drainage groove 72 serving as a 
liquid drainage groove (a groove) are sequentially formed from the inside to the 
outside concentrically. In FIG. 3, of the three grooves 68, 70, and 72, the groove 
width of the water supply groove 70 in the middle is around twice the width of the 
remaining two grooves. However, the area ratio of the groove 70 and the groove 72 is 
to be decided so that each of the positive pressure force and negative pressure force 
are well balanced. 

[0079] On the inner bottom surface (the inner upper surface in FIG. 3) of the 
drainage groove 72, a plurality of through holes 74 that penetrate the bottom surface 
in the vertical direction are formed at a substantially equal spacing. And, one end of 
the drainage pipes 76 connects to each of the through holes 74. 

[0080] Similarly, on the inner bottom surface (the inner upper surface in FIG. 
3) of the water supply groove 70, a plurality of through holes 78 that penetrate the 
bottom surface in the vertical direction are formed at a substantially equal spacing. 
And, one end of the water supply pipes 80 connects to each of the through holes 78. 

[0081] Similarly, on the inner bottom surface (the inner upper surface in FIG. 
3) of the drainage groove 68, a plurality of through holes 82 that penetrate the bottom 
surface in the vertical direction are formed at a substantially equal spacing. And, one 
end of the drainage pipes 84 connects to each of the through holes 82 respectively. 

[0082] The other end of each of the water supply pipes 80 each connect via 
valves 86a to the other end of a supply line 90, which has one end connecting to a 
liquid supply unit 88. The liquid supply unit 88 is composed including a liquid tank, a 
compression pump, a temperature control unit, and the like, and operates under the 
control of the main controller 20. In this case, when the liquid supply unit 88 operates 
when the corresponding valve 86a is open, for example, a predetermined liquid used 
for immersion whose temperature is controlled so that it is about the same temperature 
as that in a chamber (drawing omitted) where (the main body of) the exposure 
apparatus 100 is housed is supplied into the water supply groove 70 of the hydrostatic 
pad 32, the via supply line 90, the water supply pipe 80, and the through hole 78 in 
sequence. Hereinafter, the valves 86a arranged in each of the water supply pipes 80 
will also be considered together and referred to as the valve group 86a (refer to FIG. 
6). 

[0083] As the liquid referred to above, in this case, ultra pure water 
(hereinafter, it will simply be referred to as 'water 1 besides the case when specifying is 
necessary) that transmits the ArF excimer laser beam (light with a wavelength of 
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193.3 nm) is to be used. Ultra pure water can be obtained in large quantities at a 
semiconductor manufacturing plant or the like, and it also has an advantage of having 
no adverse effect on the photoresist on the wafer or to the optical lenses. In addition, 
ultra pure water has no adverse effect on the environment and it also has an extremely 
low concentration of impurities, therefore, cleaning action on the surface of the wafer 
and the surface of the SIL 22 can be anticipated. 

[0084] The other end of each of the drainage pipes 76 each connect via the 
valves 86b to the other end of a drainage line 94, which has one end connecting to a 
liquid recovery unit 92. The liquid recovery unit 92 is composed including a liquid 
tank, a vacuum pump (or a suction pump), and the like, and operates under the control 
of the main controller 20. In this case, when the corresponding valve 86b is open, the 
liquid recovery unit 92 recovers the water existing between the bearing surface of the 
hydrostatic pad 32 and the surface of the wafer W near the drainage groove 72, via the 
drainage pipes 76. Hereinafter, the valves 86b arranged in each of the drainage pipes 
76 will also be considered together and referred to as the valve group 86b (refer to 
FIG. 6). 

[0085] The other end of each of the drainage pipes 84 is drawn inside a tank 
(not shown). The inside of the tank is open to the atmosphere. 

[0086] Similar to the hydrostatic pad 32, a thick pad that has an annular shape 
(donut shape) whose outer diameter is approximately 60 mm, inner diameter is 
approximately 35 mm, and the height around 20 to 50 mm is used as the hydrostatic 
pad 34. The hydrostatic pad 34 is fixed to the upper surface of the fixed member 36 
so that the bearing surface (upper surface) of the hydrostatic pad 34 is parallel to the 
XY plane. 

[0087] On the rear surface of the wafer table TB, an XY two-dimensional 
scale (not shown) is formed, and the encoder 96 that can optically (or magnetically) 
read the XY two-dimensional scale is disposed inside the opening formed in the 
center of the hydrostatic pad 34. Accordingly, when a part of the wafer table TB 
faces the encoder 96, the encoder 96 can measure the positional information of the 
wafer table TB within the XY plane at a predetermined resolution, such as, for 
example, 0.2 nm. The measurement values of the encoder 96 are supplied to the main 
controller 20 (refer to FIG. 6). Because the wafer table TB is rigidly pressed by the 
vertical hydrostatic pads 32 and 34, there is no flexure in the section of the wafer table 
TB clamped by the hydrostatic pads 32 and 34, which makes sign errors due to 
flexure of the wafer table TB included in the measurement values of the encoder 96 
extremely small. 

[0088] On the bearing surface of the hydrostatic pad 34, in exactly the same 
arrangement and shape as the above-described hydrostatic pad 32, a water supply 
groove 1 02 is formed serving as a liquid supply groove (a groove), as well as drainage 
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grooves 104 and 106 serving as liquid drainage grooves (grooves) on the outside and 
inside of the water supply groove 102. Similar to the earlier description, the grooves 
102, 104, and 106 have a plurality of through holes that penetrate the bottom surface 
of the hydrostatic pad 34. And, one end of a plurality of the water supply pipes 108 
connects to the water supply groove 102 via the plurality of through holes, 
respectively, while the other end of each of the water supply pipes 108 connect to a 
liquid supply unit 114 (not shown in FIG. 3, refer to FIG. 6) via the valves 86c and 
water supply lines (not shown). The configuration of the liquid supply unit 1 14 is the 
same as the liquid supply unit 88 previously described. 

[0089] One end of each of a plurality of drainage pipes 110 connects to the 
drainage groove 1 04 on the outer side, via each of the plurality of through holes, 
whereas the other end of each of the plurality of the drainage pipes 110 connects to a 
liquid recovery unit 116 (not shown in FIG. 3, refer to FIG. 6) via valves 86d and a 
recovery line (not shown). The configuration of the liquid recovery unit 1 16 is the 
same as the liquid recovery unit 92 previously described. 

[0090] Similar to the description above, one end of each of a plurality of 
drainage pipes 112 connects to the drainage groove 106 on the inner side, via each of 
the plurality of through holes, whereas the other end of each of the plurality of the 
drainage pipes 112 connects to the liquid recovery unit 116 via valves 86e and the 
recovery line (not shown). That is, in the hydrostatic pad 34, the drainage groove 106 
on the inner side is not open to the atmosphere. 

[0091] In the description below, the valves 86c arranged on the other end of 
each of the plurality of the water supply pipes 108 will also be considered together 
and referred to as the valve group 86c (refer to FIG. 6). Similarly, the valves 86d and 
86e arranged on the other end of each of the plurality of the drainage pipes 110 and 
112 will also be considered together and referred to as the valve groups 86d and 86e 
(refer to FIG. 6). 

[0092] As each of the valves referred to above, adjustment valves (such as a 
flow control valve) or the like that open and close, and whose opening degree can also 
be adjusted are used. These valves operate under the control of the main controller 20 
(refer to FIG. 6). 

[0093] FIG. 6 is a block diagram of a configuration of a control system of the 
exposure apparatus 1 00, with the configuration partially omitted. The control system 
is mainly composed of the main controller 20, which is made up of a workstation (or a 
microcomputer) or the like. 

[0094] Next, the support of the wafer table TB by the hydrostatic pads 32 and 
34 in the exposure apparatus 100 of the embodiment will be described with the 
operation of the main controller 20, referring to FIGS, 3, 5, and 6, and the like. 
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[0095] First of all, the situation will be described where the support of the 
wafer table TB begins, for example, by the hydrostatic pads 32 and 34, which are in a 
static state. 

[0096] The main controller 20 firstly begins to supply water from the liquid 
supply unit 88 to the hydrostatic pad 32 on the upper side in a state where the valve 
group 86a is opened to a predetermined degree, and also begins the operation of the 
liquid recovery unit 92 in a state where the valve group 86b is opened to a 
predetermined degree. This operation sends water of a predetermined pressure 
(positive pressure) into the water supply groove 70 of the hydrostatic pad 32, via the 
supply line 90 and each of the water supply pipes 80 from the liquid supply unit 88. 
A part of the water sent into the water supply groove 70 that passes through the inside 
of the water supply groove 70 of the hydrostatic pad 32 between the bearing surface 
of the hydrostatic pad 32 and the wafer W is recovered by the liquid recovery unit 92, 
via the drainage groove 72, each of the through holes 74, the drainage pipes 76, and 
the drainage line 94 (refer to FIG. 5). 

[0097] In addition, at substantially the same timing as when the water supply 
to the hydrostatic pad 32 described above begins, the main controller 20 begins to 
supply the water from the liquid supply unit 1 14 to the hydrostatic pad 34 on the 
lower side in a state where the valve group 86c is opened to a predetermined degree, 
while beginning to operate the liquid recovery unit 1 16 in a state where the valve 
groups 86d and 86e are respectively opened to a predetermined degree. This 
operation sends water of a predetermined pressure (positive pressure) into the water 
supply groove 102 of the hydrostatic pad 34, via a supply line and each of the water 
supply pipes 108 from the liquid supply unit 114. After the water supplied fills in the 
inside of the water supply groove 102 of the hydrostatic pad 34 and the space between 
the bearing surface of the hydrostatic pad 34 and the wafer table TB, the water is 
recovered by the liquid recovery unit 116, via the drainage grooves 104 and 106, each 
of the through holes, and the drainage pipes 110 and 1 12 (refer to FIG. 5). During 
this operation, the main controller 20 sets the degree of opening of each valve in the 
valve groups 86d and 86e, the pressure of water supplied from the liquid supply unit 
114, the negative pressure that the liquid recovery unit 116 generates within the 
drainage pipes 110 and 112, and the like, so that the amount of water supplied to the 
hydrostatic pad 34 substantially coincides with the amount of water drained from the 
hydrostatic pad 34 via the drainage grooves 104 and 106. As a result, a certain 
amount of water is constantly filled in the space between the hydrostatic pad 34 and 
the wafer table TB. Accordingly, the thickness of the layer of water between the 
bearing surface of the hydrostatic pad 34 and the wafer table TB is constant at all 
times, and the wafer table TB is supported by the hydrostatic pad 34 with high 
rigidity. In this case, the pressure of the water between the hydrostatic pad 34 and the 
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wafer table TB acts as a preload (pressurization force) to the hydrostatic pad 32 on the 
upper side. That is, the wafer table TB is always pressed from below at a constant 
force. 

[0098] In this case, the main controller 20 sets the degree of opening of each 
valve in the valve groups 86a and 86b, the pressure of the water supplied from the 
liquid supply unit 88, the negative pressure that the liquid recovery unit 92 generates 
within each of the drainage pipes 76, and the like, so that the amount of water 
supplied to the hydrostatic pad 32 is slightly larger than the amount of water drained 
from the drainage groove 72. Therefore, the remaining water that is supplied to the 
hydrostatic pad 32 but is not drained from the drainage groove 72 is drained outside 
via each of the through holes 82 and the drainage pipes 84 formed in the drainage 
groove 68, after the water fills in the space (including the space below the SIL 22) 
between the bearing surface of the hydrostatic pad 32 and the wafer table TB. 

[0099] Because the drainage groove 68 is a passive drainage groove open to 
the atmosphere, the water existing in the space between the SIL 22 and the wafer W is 
in a state open to the atmosphere. Accordingly, there is almost no hydrostatic on the 
SIL 22, so stress is not generated. 

[0100] Meanwhile, the water near the inside of the water supply groove 70 is 
under high pressure (positive pressure), which gives a high load capacity and rigidity 
to the hydrostatic pad 32. In addition, the space between the hydrostatic pad 32 and 
the surface of the wafer W is constantly filled with a certain amount of water, and the 
liquid recovery unit 92 constantly recovers a part of the water filled by a certain 
amount. As a result, the gap (the so-called bearing gap) between the bearing surface 
of the hydrostatic pad 32 and the surface of the wafer W is constantly maintained. 

[0101] Accordingly, in the embodiment, the area of the wafer table TB and the 
wafer W mounted on the wafer table TB in the vicinity of the SIL 22 is supported 
with high rigidity, in a state vertically clamped by the hydrostatic pads 32 and 34. 

[0102] And, when the wafer table TB moves in a predetermined direction, like 
the direction in FIG. 5 indicated by arrow C, a water flow indicated by arrow F in FIG. 
5 is generated below the SIL 22. The water flow indicated by arrow F is a laminar 
Couette flow that is generated when shear force due to relative displacement of the 
surface of the wafer W and the lower surface of the SIL 22 is applied to the water, 
which is an incompressible viscous fluid as well as a Newtonian fluid that obeys 
Newton' s law of viscosity. 

[0103] In the exposure apparatus 100 of the embodiment, when the wafer table 
TB and the wafer W are driven while being clamped by the hydrostatic pads 32 and 
34 in the manner described above as in, for example, the stepping operation in 
between shots of the wafer table TB (to be described later) and the scanning exposure 
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operation, a viscous Couette flow corresponding to the drive direction occurs, which 
makes the water under the SIL 22 be replaced. 

[0104] In the exposure apparatus 100 of the embodiment that has the 
configuration described above, in the same manner as in a typical scanning stepper, 
predetermined preparatory operations are performed such as reticle alignment that 
uses a reticle alignment system (not shown), the alignment detection system ALG, 
and the fiducial mark plate FM earlier described, and wafer alignment as in baseline 
measurement of the alignment detection system ALG, and wafer alignment by EGA 
(Enhanced Global Alignment), and the like. Details on preparatory operations such as 
reticle alignment, baseline measurement, and the like described above are disclosed 
in, for example, Japanese Unexamined Patent Application Publication No. 7-176468 
and the corresponding U. S. Pat. No. 5, 646, 413, and details on the following 
operation, EGA, are disclosed in, for example, Japanese Unexamined Patent 
Application Publication No. 61-44429 and the corresponding U.S. Pat. No. 4, 780, 
617. As long as the national laws in designated states (or elected states), to which this 
international application is applied, permit the above disclosures of each of the 
publications and the corresponding U.S. Patents are incorporated herein by reference. 

[0105] Then, when wafer alignment is completed, the main controller 20 
begins the water supply operation described earlier to the hydrostatic pads 32 and 34, 
and then as is described earlier, the wafer table TB and the wafer W mounted on the 
wafer table TB are clamped by the hydrostatic pads 32 and 34 with high rigidity. 

[0106] Next, based on the wafer alignment results, the main controller 20 
moves the wafer table TB to the acceleration starting position for exposing the first 
shot area (first shot) serving as a first divided area on the wafer W, via the drive unit 
50. 

[0107] When the wafer W has been moved to the acceleration starting position 
described above, the main controller 20 begins relative scanning of the reticle stage 
RST and the wafer table TB in the Y-axis direction, via the reticle stage drive section 
1 1 and the first drive mechanism (the Y-axis linear motors 64 A and 64B, and the 
voice coil motors 66A and 66B) of the drive unit 50. Then, when the reticle stage 
RST and the wafer table TB each reach their target scanning speed and move into a 
constant speed synchronous state, illumination light (ultraviolet pulse light) IL from 
the illumination system 10 begins to illuminate the pattern area of the reticle R, and 
scanning exposure begins. The relative scanning described above is performed by the 
main controller 20, which controls the reticle stage drive section 1 1 and the first drive 
mechanism while monitoring the measurement values of the encoder 96 and the 
reticle interferometer 16 previously described. 

[0108] Especially during the scanning exposure described above, the main 
controller 20 synchronously controls the reticle stage RST and the wafer table TB so 
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that movement speed Vr of the reticle stage RST in the Y-axis direction and 
movement speed Vw of the wafer table TB in the Y-axis direction are maintained at a 
speed ratio corresponding to the projection magnification of the projection optical 
system PL. 

[0109] Then, different areas in the pattern area of the reticle R are sequentially 
illuminated by ultraviolet pulse light, and when the entire pattern area has been 
illuminated, scanning exposure of the first shot on the wafer W is completed. By this 
operation, the pattern of the reticle R is reduced and transferred onto the first shot via 
the projection optical system PL. 

[0110] When scanning exposure of the first shot on wafer W is completed in 
this manner, the main controller 20 steps the wafer table TB via the second drive 
mechanism (the X-axis linear motors 58A and 58B) of the drive unit 50, for example, 
in the X-axis direction, to the acceleration starting position for exposing the second 
shot (the shot area serving as a second divided area) on the wafer W. Next, scanning 
exposure of the second shot on the wafer W is performed in the manner similar to the 
description above, under the control of the main controller 20. 

[01 1 1] In this manner, scanning exposure of the shot area on the wafer W and 
the stepping operation between shot areas are repeatedly performed, and the circuit 
pattern of the reticle R is sequentially transferred onto the shot areas of the wafer W 
serving as a plurality of divided areas. 

[0112] On the stepping operation between shot areas of the wafer table TB and 
on the scanning exposure operation described above, because the viscous Couette 
flow described above is generated in the direction corresponding to the drive direction 
of the wafer table TB, the water below the SIL 22 is constantly replaced. 
Accordingly, in the exposure apparatus 1 00, immersion exposure is performed 
constantly using water fresh and stable in temperature. 

[01 13] In addition, for example, in the case the periphery shot areas on the 
wafer W are exposed, the case may occur when at least a part of the bearing surface of 
the hydrostatic pad 32 moves away from the wafer W, however on the wafer table TB, 
since the auxiliary plate 24 previously described is arranged in the periphery of the 
wafer W, the state where the entire bearing surface of the hydrostatic pad 32 faces 
either the wafer W or the auxiliary plate can be maintained. In this case, when the 
hydrostatic pad 32 is positioned above the auxiliary plate 24 as is earlier described, 
the upper surface of the auxiliary plate 24 rises to coincide with the upper surface of 
the wafer W due to the balance of positive pressure and negative pressure of the 
hydrostatic pad 32. Accordingly, the water supplied to the hydrostatic pad 32 can be 
held by the hydrostatic pad 32 and by the auxiliary plate 24 or the wafer W, and 
leakage of the water can be prevented. 
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[01 14] As is obvious from the description so far, in the embodiment, the 
hydrostatic pad 32, the liquid supply unit 88, the liquid recovery unit, 92, and the 
water supply /drainage system (to be more specific, the drainage pipes 76, the water 
supply pipes 80, the drainage pipes 84, the valve groups 86a and 86b, the supply line 
90, and the drainage line 94) connecting to the parts above constitute a liquid bearing 
unit. 

[0115] As is described in detail above, according to the exposure apparatus 
1 00 of the embodiment, the hydrostatic bearing unit described above maintains the 
distance between the bearing surface of the hydrostatic pad 32 and the surface of the 
wafer W mounted on the wafer table TB in the direction of the optical axis AX (the Z- 
axis direction) of the projection optical system PL at a predetermined amount (e.g., 
around 10 jam). Further, on the rear surface side of the wafer table TB, the 
hydrostatic pad 34 serving as a fluid static bearing is arranged facing the hydrostatic 
pad 32. And, by the hydrostatic pad 34, the water is supplied to the space between the 
bearing surface that faces the rear surface of the wafer table TB and the wafer table, 
and by the static pressure of the water, the gap between the bearing surface and the 
wafer table is maintained. As a result, the wafer table TB and the wafer W mounted 
on the wafer table TB are clamped with the hydrostatic pads 32 and 34, vertically. In 
this case, the distance between each of the bearing surfaces of the hydrostatic pads 32 
and 34 and the wafer W or the wafer table TB can be maintained stably and constantly 
at, for example, around 10 jxm or under. Different from static gas bearings, since 
hydrostatic bearings such as the hydrostatic pads utilize the static pressure of the 
water (liquid), which is an incompressible fluid, between the bearing surface and the 
support object (the wafer W or the wafer table TB), the rigidity of the bearings is high 
and the distance between the bearing surface and the support object can be maintained 
stably and constantly. In addition, when compared to gas (e.g., air), water (liquid) is 
higher in viscosity and liquid is superior in vibration damping than gas. As a result, 
the position of the wafer table TB and wafer W in the Z-axis direction (the direction 
of the optical axis AX) does not shift in at least the exposure area and the neighboring 
area, while the wafer table TB and the wafer W are being moved. 

[0116] Therefore, according to the exposure apparatus 100 of the embodiment, 
the pattern of the reticle R can be transferred onto the plurality of shot areas on the 
wafer W in a state where defocus caused by the movement of the wafer table TB is 
substantially prevented for certain, without necessarily having to arrange a focal 
position detection system such as a focus sensor. 

[0117] In addition, in the exposure apparatus 100 of the embodiment, because 
the wafer table TB and the wafer W are clamped with high rigidity by the hydrostatic 
pads 32 and 34 in the strip-shaped area (the area corresponding to the bearing surfaces 
of hydrostatic pads 32 and 34) around the SIL 22 that includes the projection area 
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(exposure area) of the pattern on the wafer W, the rigidity of the wafer table TB itself 
does not have to be so high. As a result, the thickness of the wafer table TB can be 
reduced, which reduces the weight of the wafer table TB and allows the position 
controllability to be improved. For example, the thickness of the wafer table TB can 
be reduced to around a quarter or under the conventional tables. That is, the thickness 
of the wafer table TB can be set to around 1 0 mm or under. 

[0118] In addition, in the exposure apparatus 100 of the embodiment, the 
wafer W is exposed by the illumination light IL in a state where water (high refractive 
index fluid) that has a higher refractive index than air constantly exists in the space 
between the lower surface of the SIL 22 being the optical member of the projection 
optical system PL closest to the image plane and the surface of the wafer W, via the 
pattern area of the reticle R, the projection optical system PL, and the water. That is, 
immersion exposure is performed, which shortens the wavelength of the illumination 
light IL on the surface of the wafer W to 1/n of the wavelength in the air (n is the 
refractive index of liquid, in the case of water, n is 1.4), which in turn widens the 
effective depth of focus n times compared to the depth of focus in the air. 
Accordingly, exposure can be performed with high resolution. In the case the depth 
of focus that can be secured is about the same as when exposure can be performed in 
the air, the numerical aperture (NA) of the projection optical system PL can be 
increased, which can also improve the resolution. 

[0119] In addition, when the effective depth of focus widens n times compared 
to the depth of focus in the air, it also has the effect of being able to suppress the 
generation of defocus. 

[0120] In addition, in the exposure apparatus 100 of the embodiment, because 
the water supplied to the hydrostatic pad 32 is constantly replaced as is previously 
described during scanning exposure or the like, the water flow removes foreign 
objects when the foreign objects adhere to the wafer W. 

[0121] In addition, according to the exposure apparatus 100 of the 
embodiment, even when the wafer table TB moves to a position where the projection 
optical system PL is away from the wafer W in a state where the water is held in the 
space between the projection optical system PL (the SIL 22) and the wafer W, such as 
when exposing shot areas in the periphery of the wafer W or when exchanging the 
substrate on the wafer table TB after exposure has been completed, the water can be 
held in the space between the projection optical system PL and the auxiliary plate 24 
and water leakage can be prevented. Accordingly, various inconveniences that occur 
due to water leakage can be prevented. Further, because the gap between the 
auxiliary plate 24 and the wafer W is set to 3 mm or under, the liquid is kept from 
flowing out into the gap between the wafer W and the auxiliary plate 24 due to the 
surface tension of the liquid, while the wafer table TB moves from the state where the 
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wafer W is below the projection optical system PL to a position where the wafer W is 
away from the projection optical system PL. 

[0122] Therefore, according to the exposure apparatus 100 of the present 
invention, due to the various effects described above, the pattern of the reticle R can 
be transferred onto each of the plurality of shot areas on the wafer W with extremely 
good precision. In addition, exposure can be performed with a wider depth of focus 
than the depth of focus in the air. 

[0123] In addition, in the exposure apparatus 100 of the embodiment, because 
the lower surface of the SIL 22 being the optical member of the projection optical 
system PL closest to the image plane substantially coincides with the bearing surface 
of the hydrostatic pad 32, the distance between the SIL 22 and the surface of the wafer 
W is around 10 p.m, which is the distance between the hydrostatic pad 32 and the 
wafer W. Accordingly, the amount of liquid supplied for immersion exposure can be 
reduced and the water can also be recovered smoothly after the immersion exposure, 
which allows the wafer W to dry easily after the water recovery. 

[0124] In addition, because the thickness of the layer of water is extremely 
small, absorption of the illumination light IL by the water is small. Furthermore, 
optical aberration caused by the uneven water temperature distribution can be 
suppressed. 

[0125] In the embodiment above, the case has been described where the wafer 
table TB and the wafer W are clamped vertically with high rigidity by the hydrostatic 
pads 32 and 34. However, since the purpose of the hydrostatic pad 34 in particular, 
which is arranged below the wafer table TB, is mainly to provide a constant preload 
(pressurization) to the hydrostatic pad 32 on the upper side, the hydrostatic pad 34 
does not necessarily have to be arranged as long as a constant upward force can be 
provided to the rear surface of the wafer table TB. Or, instead of the hydrostatic pad 
34, other types of fluid bearings can also be used, such as for example, vacuum 
preload air bearings or the like that have high bearing rigidity among static gas 
bearings that utilize static pressure of pressurized gas. 

[0126] In addition, in the embodiment above, the case has been described 
where a part of the water supplied to the hydrostatic pad 32 is used for immersion 
exposure. The present invention, however, is not limited to this, and the liquid for 
immersion exposure may also be supplied to the space between the projection optical 
system PL and the wafer W via a supply path completely independent from the supply 
path that supplies the water to the hydrostatic pad 32. 

[0127] Furthermore, in the embodiment above, the case has been described 
where the present invention is applied to an exposure apparatus that performs 
immersion exposure. However, the method of supporting a moving body such as the 
wafer table TB using hydrostatic bearings as in hydrostatic pads can also be suitably 
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applied to an exposure apparatus that does not perform immersion exposure. Even in 
such a case, hydrostatic bearings maintain the distance between the bearing surface 
and the surface of the substrate (wafer) in the optical axis direction at a predetermined 
amount (e.g., around 10 (am). Different from static gas bearings, since hydrostatic 
bearings utilize static pressure of the liquid, which is an incompressible fluid, between 
the bearing surface and the support object (substrate), the rigidity of the bearings is 
high, which allows the distance between the bearing surface and the substrate to be 
stably and constantly maintained. Further, liquid (such as pure water) is higher in 
viscosity than gas (such as air), and is also superior in vibration damping than gas. 
Therefore, according to the exposure apparatus of the present invention, pattern 
transfer onto a substrate almost free from defocus can be achieved, without 
necessarily having to arrange a focal position detection system. 

[0128] In the embodiment above, the case has been described where the donut- 
shaped hydrostatic pad 32 is arranged on the upper side (the image plane side of the 
projection optical system PL) of the wafer W on the wafer table TB and the 
hydrostatic pad 34 is arranged on the lower side of the wafer table TB. The present 
invention, however, is not limited to this, and a hydrostatic bearing that has a 
rectangular annular bearing surface surrounding the exposure area (the projection area 
of the reticle pattern) may be arranged, instead of at least one of the hydrostatic pad 
32 and/or the hydrostatic 34 described above. 

[0129] In addition, instead of the hydrostatic pad 32, a plurality of small 
hydrostatic pads can be attached near the lower end of the projection optical system 
PL, surrounding the exposure area (the projection area of the reticle pattern). 
Similarly, instead of the hydrostatic pad 34, a plurality of small fluid static bearings 
may be arranged facing the rear surface of the wafer table TB, in area that 
corresponds to the area surrounding the exposure area (the projection area of the 
reticle pattern). Or, one, two or more hydrostatic pads arranged instead of the 
hydrostatic pad 32 may be arranged on the side of the image plane of the projection 
optical system PL, while the positional relation between the projection optical system 
PL is maintained. 

[0130] In the embodiment above a focal position detection system (focus 
sensor) is not provided in particular. In the case a focus sensor is necessary, however, 
a gap sensor, which measures the spacing between the hydrostatic pad 32 and the 
surface of the wafer W at one or more measurement point may be arranged on the 
hydrostatic pad 32, and based on the measurement values of the gap sensor, the liquid 
recovery unit (or the main controller 20) can adjust the negative pressure generated 
inside the drainage pipes 76 connecting to the hydrostatic pad 32 so as to adjust the 
position (focus) of the surface of the wafer W in the Z-axis direction. In this case, as 
the gap sensor, a pressure sensor can be used that measures the difference between the 
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hydrostatic acting on a diaphragm arranged on a part of the hydrostatic pad 32 and the 
atmospheric pressure, and converts the difference into distance. Or, a capacitive 
sensor can also be used. Further, for example, a detection beam can be irradiated on 
the wafer W via an optical element, which is at least a part of the projection optical 
system PL, for measuring the spacing between the projection optical system PL and 
the wafer W by receiving the reflection beam, and the spacing between the hydrostatic 
pad 32 and the surface of the wafer W can be adjusted according to the measurement 
values. 

[0131] In the embodiment above, the case has been described where an optical 
(or a magnetic) encoder 96 reads the XY two-dimensional scale formed on the rear 
surface of the wafer table TB in order to measure the position of the wafer table TB 
within the XY plane. The present invention, however, is not limited to this, and a 
laser interferometer may be used to measure the positional information of the wafer 
table TB within the XY plane. 

[0132] In this case, the edge surface (e.g., the edge surface on the +X side) of 
the wafer table TB on one end of the X-axis direction and the edge surface (e.g., the 
edge surface on the - Y side) of the wafer table TB on one end of the Y-axis direction 
have to be mirror polished. However, as it can be seen in FIG. 2, the Y mover 60A of 
the Y-axis linear motor 64A is arranged on the edge surface on the +X side, therefore, 
in a state of FIG. 2, the edge surface on the +X side might not be able to be mirror 
polished entirely in the Y-axis direction. In this case, by shifting the position of both 
the Y movers 60A and 60B in the Z-axis direction as is shown in FIG. 7, the edge 
surface of the wafer table TB on the +X side can be mirror polished entirely in the Y- 
axis direction. By arranging the Y movers 60A and 60B at a point symmetry position 
with respect to center of gravity G of the wafer table TB, the thrust of the Y-axis 
linear motors 64A and 64B can be made to act on center of gravity G of the wafer 
table TB. 

[0133] On the reflection surface made in the manner described above, 
measurement beams from an interferometer 1 8 (FIG. 7 shows the interferometer used 
only for measurement in the X-axis direction) is irradiated, and when the 
interferometer 1 8 receives the reflection beams, the interferometer 1 8 measures the 
position of the wafer table TB in the X-axis direction and the Y-axis direction at a 
resolution, for example, around 0.5 to lnm. In this case, as the interferometer, a 
multi-axis interferometer that has a plurality of measurement axes can be used, and 
with this interferometer, other than the X, Y positions of the wafer table TB, rotation 
(yawing (9z rotation, which is rotation around the Z-axis), rolling (0y rotation, which 
is rotation around the Y-axis), and pitching (0x rotation, which is rotation around the 
X-axis)) can also be measured. 

[0134] Modified Example 
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In the description so far, the case has been described where the hydrostatic pad 
32 is fixed to the barrel 40 and the position relation between the projection optical 
system PL and the hydrostatic pad 32 is constantly maintained. The present 
invention, however, is not limited to this, and for example, as the optical element that 
constitutes the projection optical system PL closest to the image plane, a divided lens, 
which is vertically divided into two, as is shown in FIG. 8, may be used. Divided lens 
1 50 in FIG. 8 is composed of a first segment lens 152a of a hemispheric shape 
arranged on the lower side, and a second segment lens 1 52b. The second segment 
lens 1 52b has an inside (inner surface), which is a spherical surface whose radius of 
curvature has the same center point as the outer surface (a part of the spherical 
surface) of the first segment lens 152a but is slightly larger than the radius of 
curvature of the first segment lens 152a, and an outside (outer surface), which is a 
spherical surface whose center is a point different from the center of the first segment 
lens 152a. In this case, the first segment lens 152a is a plane-convex lens and the 
second segment lens 152b is a concave meniscus lens. 

[0135] The divided lens 150 configured in the manner described above can be 
used instead of the SIL 22 in the embodiment above. In this case, the second segment 
lens 152b is integrally attached to the barrel 40, and the first segment lens 152a is to 
be held by the hydrostatic pad 32 so that the bearing surface of the hydrostatic pad 32 
and the lower surface of the first segment lens 152a becomes substantially co-planar 
with each other. Then, the liquid (such as water) for immersion is to be filled in the 
space not only under the first segment lens 1 52a (the space between the first segment 
lens 152a and the wafer W), but also in the gap between the first segment lens 152a 
and the second segment lens 1 52b. When such a configuration is employed, in the 
case the first segment lens 152a is pressurized too much by the hydrostatic acting on 
the first segment lens 152a, the first segment lens 152a moves vertically with the 
hydrostatic pad 32, which can suppress unnecessary stress being generated in the first 
segment lens 1 52a, which in turn can prevent the optical performance from 
deteriorating. In this case, the vertical movement of the first segment lens 152a and 
the hydrostatic pad 32 sets the pressure (positive pressure) within the water supply 
groove and the pressure (negative pressure) within the drainage groove at an even 
balance, which makes the thickness of the water layer (water film) under the first 
segment lens 152a constant, and by the vertical movement of the first segment lens 
152a, the optical path changes, which makes it possible to automatically adjust the 
focus position. 

[0136] In the embodiment, the divided lens 150 is divided into a plane-convex 
lens and a concave meniscus lens. However, the optical element on the upper side 
close to the pupil plane of the projection optical system PL can be a plane-convex lens 
and the optical element on the lower side close to the image plane of the projection 
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optical system PL can be a non-refractive power parallel plane plate. In this case, 
when the image forming characteristics such as the image plane of the projection 
optical system PL change by the shift of the parallel plane plate, at least one of 
moving a part of the lens of the projection optical system, moving the reticle, or finely 
adjusting the wavelength of the exposure light can be performed, in order to 
compensate for the changes in the image forming characteristics. 

[0137] In the first embodiment above, the case has been described where the 
present invention has been applied to an exposure apparatus equipped with one wafer 
table TB and one stage 52 that supports the wafer table. The present invention, 
however, is not limited to this, and the present invention may also be suitably applied 
to an exposure apparatus that has a plurality (e.g., two) of the wafer tables TB and 
stages, as in the following second embodiment. 

[0138] Second Embodiment 

Next, an exposure apparatus of a second embodiment of the present invention 
is described, referring to FIGS. 9 and 10. FIG. 9 is a planar view showing a 
configuration of a wafer stage unit 300 that constitutes the exposure apparatus of the 
second embodiment. From the viewpoint of preventing redundant explanations, the 
same reference numerals will be used for parts that have the same or similar 
arrangement as the first embodiment previously described, and the description 
thereabout will be omitted. 

[0139] In the exposure apparatus of the second embodiment, the optical unit 
PU, and an alignment detection system ALG' similar to the alignment detection 
system ALG is disposed in the Y-axis direction spaced apart at a predetermined 
distance. And, below the optical unit PU, the drive unit 50 described earlier is 
disposed, and the wafer W is to be mounted on a wafer table TB 1 provided on the 
stage 52, which constitutes the drive unit 50. In addition, below an alignment 
detection system ALG', an XY stage unit 180 is disposed. A wafer table TB2 is 
provided on a stage 171 that constitutes the XY stage unit 1 80, and the wafer W is to 
be mounted on the wafer table TB2. 

[0140] The XY stage unit 180 is equipped with the stage 171 constituted by a 
rectangular member, which has the same shape as the outer shape of the stage 52 
previously described, an X-axis linear motor 1 78 that drives the stage 1 7 1 in the X- 
axis direction, and a pair of Y-axis linear motors 1 76A and 1 76B that drive the stage 
171 in the Y-axis direction integrally with the X-axis linear motor 178. 

[0141] The Y-axis linear motors 176 A and 176B are constituted by Y stators 
(Y-axis linear guides) 1 72 A and 1 72B that are arranged in the X-axis direction near 
both ends of the X stator 56 A, which constitutes the drive unit 50, respectively 
extending in the Y-axis direction, and Y movers (sliders) 1 74A and 1 74B that 
separately engage with the Y stators 172A and 172B, respectively. That is, with one 
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of the Y stators, 1 72 A, and one of the Y movers, 1 74 A, the Y linear motor 1 76 A is 
configured that generates a drive force that drives the Y mover 1 74A in the Y-axis 
direction by the electromagnetic interaction of the Y stator 1 72A and the Y mover 
174 A, whereas, with the other Y stator, 172B, and the other Y mover, 174B, the Y 
linear motor 1 76B is configured that generates a drive force that drives the Y mover 
174B in the Y-axis direction by the electromagnetic interaction of the Y stator 172B 
and the Y mover 1 74B . 

[0142] The Y movers 174 A and 174B are respectively fixed to both ends of 
the X stator (X-axis linear guide) extending in the X-axis direction that constitutes the 
X linear motor 178 described above. And, on the stage 171, an X mover is arranged 
corresponding to the X stator of the X linear motor 178, and by the X linear motor 
178 constituted by the X mover and the X stator 178, the stage 171 is driven in the X- 
axis direction. 

[0143] In this case, the stage 171 is driven in the X-axis direction by the X 
linear motor 178, and the stage 171 is also driven in the Y-axis direction integrally 
with the X linear motor 178 by the pair of the Y linear motors 176 A and 176B. 

[0144] On the upper surface of the stage 171 on both ends in the X-axis 
direction, Y stators 1 62 A and 1 62B are arranged, respectively, extending in the Y-axis 
direction. 

[0145] The wafer tables TBI and TB2 both have exactly the same 
configuration as the wafer table TB previously described, and similarly, the wafer 
tables TB 1 and TB2 each have the Y mover 60A arranged on one end in the X-axis 
direction, and the permanent magnets 66A and 66B and the Y mover 60B arranged on 
the other end in the X-axis direction. 

[0146] According to the wafer stage unit 300 in FIG. 9, the Y mover 60A 
arranged in the wafer table TB 1 not only generates a drive force in the Y-axis 
direction by electromagnetic interaction with the Y stator 62 A in a state (the state in 
FIG. 9) where the Y mover 60A is engaged with the Y stator 62A on the stage 52, but 
also in a state where the Y mover 60A is engaged with the Y stator 162 A on the stage 
171, the Y mover 60 A generates a drive force in the Y-axis direction by 
electromagnetic interaction with the Y stator 162 A. 

[0147] Similarly, the Y mover 60A arranged in the wafer table TB2 not only 
generates a drive force in the Y-axis direction by electromagnetic interaction with the 
Y stator 162 A in a state (the state in FIG. 9) where the Y mover 60A is engaged with 
the Y stator 162 A on the stage 171, but also in a state where the Y mover 60A is 
engaged with the Y stator 62A on the stage 52, the Y mover 60A generates a drive 
force in the Y-axis direction by electromagnetic interaction with the Y stator 62A. 

[0148] Similarly, the Y mover 60B arranged in the wafer table TBI not only 
generates a drive force in the Y-axis direction by electromagnetic interaction with the 
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Y stator 62B in a state (the state in FIG. 9) where the Y mover 60B is engaged with 
the Y stator 62B on the stage 52, but also in a state where the Y mover 60B is 
engaged with the Y stator 162B on the stage 171, the Y mover 60B generates a drive 
force in the Y-axis direction by electromagnetic interaction with the Y stator 162B. 

[0149] Similarly, the Y mover 60B arranged in the wafer table TB2 not only 
generates a drive force in the Y-axis direction by electromagnetic interaction with the 

Y stator 162B in a state (the state in FIG. 9) where the Y mover 60B is engaged with 
the Y stator 162B on the stage 171, but also in a state where the Y mover 60B is 
engaged with the Y stator 62B on the stage 52, the Y mover 60B generates a drive 
force in the Y-axis direction by electromagnetic interaction with the Y stator 62B . 

[0150] In addition, the permanent magnets 66 A and 66B arranged in the wafer 
table TB 1 each constitute a voice coil motor that finely moves the wafer table TB 1 on 

■ ■ ■ * 

the stage 52 in the X-axis direction in a state (the state in FIG. 9) where the permanent 
magnets 66A and 66B are each engaged with the Y stator 62B, as well as constitute a 
voice coil motor that finely moves the wafer table TBI on the stage 171 in the X-axis 
direction in a state where the permanent magnets 66A and 66B are each engaged with 
the Y stator 162B. Similarly, the permanent magnets 66 A and 66B arranged in the 
wafer table TB2 each constitute a voice coil motor that finely moves the wafer table 
TB2 on the stage 171 in the X-axis direction in a state (the state in FIG. 9) where the 
permanent magnets 66A and 66B are each engaged with the Y stator 162B, as well as 
constitute a voice coil motor that finely moves the wafer table TB2 on the stage 52 in 
the X-axis direction in a state where the permanent magnets 66A and 66B are each 
engaged with the Y stator 62B. 

[0151] The position of the wafer tables TBI and TB2 within the XY plane is 
measured with a laser interferometer or other position measuring units (not shown), 
and the measurement results are sent to a main controller (not shown). In addition, 
each motor previously described that constitutes the wafer stage unit 300 operates 
under the control of the main controller. 

[0152] The configuration of other parts is the same as the configuration in the 
exposure apparatus 100 of the first embodiment previously described. 

[0153] In the exposure apparatus of the second embodiment configured in the 
manner described above, the following processing sequence can be performed under 
the control of the main controller. 

[0154] More specifically, for example, the wafer table TB2 (or TBI) that 
holds the wafer W is provided on one of the stages, the stage 171. And, in parallel 
with detection operation (such as wafer alignment measurement operation by the EGA 
method) of alignment marks formed on the wafer W mounted on the wafer table TB2 
(or TBI), which is performed below the alignment detection system ALG' while the 
wafer table TB2 (or TBI) is being driven two dimensionally, exposure operation of 
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the wafer W held on the wafer table TB 1 (or TB2) provided on the other stage 52 is 
also performed by the drive unit 50 in the step-and-scan method described earlier, 
while the wafer table TB 1 (or TB2) is being driven. 

[0155] Then, after the parallel operation has been completed, the stage 171 is 
moved to a position closest to the stage 52 using the Y-axis linear motors 176A and 
176B, and the positional relation of both stages 171 and 52 in the X-axis direction is 
also adjusted so that the position of both stages 171 and 52 in the X-axis direction 
coincides with each other. 

[0156] Next, the wafer table TBI (or TB2) holding the wafer W that has 
already been exposed is driven in the -Y direction by the electromagnetic interaction 
between the Y movers 60A and 60B and the Y stators 62A and 62B arranged in the 
wafer table. At the same time, the wafer table TB2 (or TBI) holding the wafer W on 
which mark detection operation has already been completed is also driven in the -Y 
direction at the same speed as the other stage by the electromagnetic interaction 
between the Y movers 60A and 60B and the Y stators 1 62A and 1 62B arranged in the 
wafer table. Accordingly, both wafer tables TBI and TB2 move in the -Y direction 
while maintaining the positional relation closest to each other. 

[0157] Then, when a predetermined amount of time passes after the wafer 
tables TB 1 and TB2 begin to move in the - Y direction as is described above, the Y 
movers 60 A and 60B arranged in the wafer table TB2 (or TBI) holding the wafer W 
on which mark detection operation has already been completed, move into a state 
where the movers 60A and 60B become engaged simultaneously with the Y stators 
162 A and 162B and the Y stators 62 A and 62B. This state is shown in FIG. 10. 

[0158] Then, when the wafer tables TBI and TB2 move from the state in FIG. 
1 0 further in the - Y direction by a predetermined distance, the Y movers 60 A and 60B 
arranged in the wafer table TBI (or TB2) holding the wafer W that has already been 
exposed reach a position (detaching position) where the Y movers 60A and 60B 
become completely detached from the Y stators 62 A and 62B. And, just before the 
wafer table TB 1 (or TB2) reaches the detaching position described above, a robot arm 
(not shown) receives the wafer table TB 1 (or TB2), and carries the wafer table TB 1 
(or TB2) to a wafer exchange position near the alignment detection system ALG\ 

[0159] At this point, the wafer table TB2 (or TBI) holding the wafer W on 
which mark detection operation has already been completed has reached the position 
under the hydrostatic pad 32 arranged on the lower end of the optical unit PU. And 
then, the wafer table TB2 (or TBI) moves to a position where its entire body is 
mounted on the stage 52, which completes the wafer table exchange on the stage 52. 

[0160] As is described above, in the second embodiment, movement of the 
wafer table holding the wafer W that has already been exposed in the -Y direction on 
the stage 52 and the delivery of the wafer table to the robot arm, and the movement of 
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the wafer table holding the wafer W on which mark detection operation has already 
been completed from the stage 171 to the stage 52 are performed in parallel. As a 
consequence, one of the wafer tables is located constantly under the hydrostatic pad 
32 directly below the projection optical system PL, that is, below the optical member 
(the SIL 22 or the first segment lens 151a described earlier) closest to the image plane 
of the optical members constituting the projection optical system PL, and the state 
where an immersion area is formed between the wafer table and the wafer on the 
wafer table or the auxiliary plate 24 is maintained, which allows the liquid (water) to 
be held between the projection optical system PL, or in other words, the optical 
member closest to the image plane constituting the projection optical system PL, and 
the wafer or the auxiliary plate 24. Accordingly, it becomes possible to keep the 
liquid (water) from flowing out. 

[0161] In addition, in the second embodiment, because the exposure operation 
of the wafer on one of the wafer tables and the mark detection operation (and wafer 
exchange operation) of the wafer on the other wafer table are performed in parallel, 
throughput can be improved compared with when wafer exchange, mark detection 
operation, and exposure is performed sequentially. In the case the exposure apparatus 
is equipped with two or more wafer tables, exposure can be performed on one of the 
wafer tables, while on another wafer table, drying time may be arranged to completely 
dry the wafer. In such a case, in order to optimize the throughput, it is desirable to 
arrange three wafer tables and perform a parallel processing sequence of performing 
exposure operation on the first wafer table, performing alignment operation on the 
second wafer table, and performing wafer drying after exposure and wafer exchange 
operation on the third wafer table. 

[0162] In the second embodiment, it is desirable to convert the positional 
information (array coordinates) of the plurality of shot areas on the wafer W obtained 
by the mark detection operation (such as wafer alignment measurement by the EGA 
method) into information that uses the fiducial marks on the fiducial mark plate FM as 
a reference. Then, when the wafer that has completed the alignment measurement 
moves onto the stage 52, by measuring the relative position of the marks on the reticle 
and the fiducial marks on the fiducial mark plate FM using the reticle alignment 
system (not shown), the relative position between the reticle and each shot area on the 
wafer W can be adjusted with high precision to a desired relation, even in the case 
when the wafer table is being moved and the positional information is difficult to 
detect continuously. 

[0163] In addition, as exposure apparatus that is equipped with a plurality of 
tables, the present invention can also be suitably applied to exposure apparatus 
disclosed in, for example, Japanese Unexamined Patent Application Publication Nos. 
10-163099 and 10-214783 (corresponding U.S. Pat. Nos. 6,341,007, 6,400,441, 
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6,549,269, and 6,590,634), Kohyo (Japanese Unexamined Patent Publication) No. 
2000-505958 (corresponding U.S. Pat. No. 5,969,441), and U.S. Pat. No. 6,208,407. 

[0164] In addition, as an exposure apparatus equipped with a plurality of 
tables, the present invention can also be suitably applied to the exposure apparatus 
disclosed in, for example, Japanese Unexamined Patent Application Publication No. 
1 1-135400 (corresponding International Publication No. W099/23692). 

[0165] As long as the national laws in designated states or elected states, to 
which this international application is applied, permit, the disclosures of each of the 
publications and the corresponding U.S. Patents cited above are fully incorporated 
herein by reference. 

[0166] The configuration of the hydrostatic pad 32 is not limited to the ones 
described in each of the embodiments above, and the hydrostatic pad 32 may employ 
a configuration such as a hydrostatic pad 32' shown in FIG. 11 A. More specifically, 
the drainage groove 68, the water supply groove 70, and the drainage groove 72 may 
be divided with partition walls that are spaced apart at an equal angle (hereinafter, the 
section surrounded by the partition walls is to be referred to as a 'cell', and the cells 
formed in the drainage grooves 68 and 72 are to be referred to as 'drainage cells' and 
the cells formed in the water supply groove 70 are to be referred to as 'water supply 
cells'). 

[0167] On the bottom surface of the drainage cells, a through hole 74 that 
penetrates the page surface of FIG. 1 1A in an orthogonal direction (the Z-axis 
direction) is formed in each cell, whereas on the inner bottom surface of the water 
supply cells formed in the water supply groove 70, a through hole 78 is formed in 
each cell, and on the inner bottom surface of the drainage cells formed in the drainage 
groove 68, a through hole 82 is formed in each cell. 

[0168] By forming the cells dividing the water supply groove and the drainage 
grooves with partition walls, in the case when even the pressure of the cells 
corresponding to the edge of the wafer changes when the hydrostatic pad 32 comes 
into contact with the edge of the wafer, the influence of such pressure change can be 
kept from affecting other cells. 

[0169] In the water supply pipes 80 and the drainage pipes 84 and 76, 
connecting to the through holes 78, 82, and 74, respectively, a stop 79 may be 
arranged as is shown in FIG. 1 IB. Also in this case, when a part of the cells come 
into contact with the edge of the wafer, the stop 79 can keep the influence of such 
pressure change from affecting other cells as much as possible. 

[0170] In addition, the hydrostatic pad 34 on the lower side can employ the 
configuration shown in FIG. 1 1 A, and a stop as in FIG. 1 IB can be arranged in the 
water supply pipes and the drainage pipes connecting to the hydrostatic pad 34. 
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[0171] In each of the embodiments above, the solid immersion lens SIL is 
employed as the optical element of the projection optical system PL closest to the 
image plane (the wafer W). However, instead of the solid immersion lens SIL, a lens 
element composed of quartz or fluorite can be used, or a non-refractive power parallel 
plane plate can also be used. 

[0172] In addition, in each of the embodiments above, the elastic body 25 is 
incorporated between the auxiliary plate 24 and the wafer table TB (TBI, TB2), 
however, if the gap between the hydrostatic pad 32 and its opposing surface (the 
surface of the wafer W, the upper surface of the auxiliary plate 24) can be constantly 
maintained, the elastic body 25 can be omitted. 

[0173] In each of the embodiments above, ultra pure water (water) is used as 
the liquid; however, it is a matter of course that the present invention is not limited to 
this. As the liquid, a safe liquid that is chemically stable and has high transmittance to 
the illumination light IL, such as a fluorine-based inert liquid, can be used. As such 
fluorine-based inert liquid, for example, Florinert (trade name; manufactured by 3M) 
can be used. The fluorine-based inert liquid is also excellent from the point of cooling 
effect. In addition, as the liquid, a liquid which has high transmittance to the 
illumination light IL and a refractive index as high as possible, and furthermore, a 
liquid which is stable against the projection optical system and the photoresist coated 
on the surface of the wafer (for example, cedarwood oil or the like) can also be used. 

[0 1 74] In addition, in each of the embodiments above, the case has been 
described where the path supplying the liquid to the hydrostatic pad (or under the SIL 
22) and the path recovering the liquid from the hydrostatic pad are different. 
However, a configuration that employs the combination of a circulation path that 
supplies the liquid recovered from the hydrostatic pad (or under the SIL 22) again to 
the hydrostatic pad (or under the SIL 22) and the liquid supply/drainage unit can be 
employed. In this case, in the circulation path, it is desirable to arrange a filter for 
removing impurities from the liquid that is collected, in a part of the recovery path. 

[0175] In each of the embodiments described above, an auxiliary plate is 
provided in the periphery of the area where the wafer W is mounted on the wafer 
table; however, in the present invention, there are some cases where the exposure 
apparatus does not necessarily require an auxiliary plate or a flat plate that has a 
similar function on the table. In this case, however, it is preferable to further provide 
piping on the wafer table for recovering the liquid so that the supplied liquid is not 
spilled from the wafer table. 

[0176] In each of the embodiments described above, in the case when the 
surface of the wafer is locally uneven, the surface of the wafer (exposure surface) and 
the image plane may be misaligned. Accordingly, in the case when the surface of the 
wafer is expected to be uneven, information on the unevenness of the wafer can be 
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stored prior to exposure, and during exposure, the position and the shape of the image 
plane can be adjusted by performing at least one of moving a part of the lens of the 
projection optical system, moving the reticle, and finely adjusting the wavelength of 
the exposure light. 

[0177] In each of the embodiments above, as the illumination light IL, far 
ultraviolet light such as the ArF excimer laser beam or the KrF excimer laser beam, or 
bright lines in the ultraviolet region generated by an ultra high-pressure mercury lamp 
(such as the g-line or the i-line) is used. The present invention, however, is not 
limited to this, and a harmonic wave (e.g., with a wavelength of 193nm) may also be 
used that is obtained by amplifying a single- wavelength laser beam in the infrared or 
visible range emitted by a DFB semiconductor laser. or fiber laser, with a fiber 
amplifier doped with, for example, erbium (Er) (or both erbium and ytteribium (Yb)), 
and by converting the wavelength into ultraviolet light using a nonlinear optical 
crystal. 

[0178] In addition, the projection optical system PL is not limited to a dioptric 
system, and a catadioptric system may also be used. Furthermore, the projection 
magnification is not limited to magnification such as 1/4 or 1/5, and the magnification 
may also be 1/10 or the like. 

[0179] In each of the embodiments described above, the case has been 
described where the present invention is applied to a scanning exposure apparatus 
based on the step-and-scan method. It is a matter of course, however, that the present 
invention is not limited to this. More specifically, the present invention can also be 
suitably applied to a reduction projection exposure apparatus based on a step-and- 
repeat method. In this case, besides the point that exposure is performed by a 
scanning exposure method, the exposure apparatus can basically employ the structure 
similar to the one described in the first embodiment and obtain the same effect. 

[0180] The exposure apparatus in each of the embodiments described above 
can be made by incorporating the illumination optical system made up of a plurality 
of lenses, the projection unit PU, and the hydrostatic pads 32, 34, and the like into the 
main body of the exposure apparatus, and by attaching the piping to the hydrostatic 
pads 32, 34, and the like. Then, along with the optical adjustment operation, parts 
such as the reticle stage and the wafer stage made up of multiple mechanical parts are 
also attached to the main body of the exposure apparatus and the wiring and piping 
connected. And then, total adjustment (such as electrical adjustment and operation 
check) is performed, which completes the making of the exposure apparatus. The 
exposure apparatus is preferably built in a clean room where conditions such as the 
temperature and the degree of cleanliness are controlled. 

[0181] In addition, in each of the embodiments described above, the case has 
been described where the present invention is applied to exposure apparatus used for 
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manufacturing semiconductor devices. The present invention, however, is not limited 
to this, and it can be widely applied to an exposure apparatus for manufacturing liquid 
crystal displays which transfers a liquid crystal display device pattern onto a square 
shaped glass plate, and to an exposure apparatus for manufacturing thin-film magnetic 
heads, imaging devices, micromachines, organic EL, DNA chips, or the like. 

[0182] In addition, the present invention can also be suitably applied to an 
exposure apparatus that transfers a circuit pattern onto a glass substrate or a silicon 
wafer not only when producing microdevices such as semiconductors, but also when 
producing a reticle or a mask used in exposure apparatus such as an optical exposure 
apparatus, an EUV exposure apparatus, an X-ray exposure apparatus, or an electron 
beam exposure apparatus. Normally, in the exposure apparatus that uses DUV (deep 
(far) ultraviolet) light or VUV (vacuum ultraviolet) light, it uses a transmittance type 
reticle, and as the reticle substrate, materials such as quartz glass, fluorine-doped 
silica glass, fluorite, magnesium fluoride, or crystal are used. 

[0183] Device Manufacturing Method 

An embodiment is described below of a device manufacturing method in the 
case where the exposure apparatus described above is used in a lithographic process. 

[0184] FIG. 12 shows a flow chart of an example when manufacturing a . 
device (like an IC or an LSI as in a semiconductor chip, a liquid crystal panel, a CCD, 
a thin magnetic head, a micromachine, or the like). As is shown in FIG. 12, in step 
201 (design step), the function/performance design of a device (for example, 
designing a circuit for a semiconductor device) is performed, and pattern design to 
implement such function is performed. Then, in step 202 (mask manufacturing step), 
a mask on which the designed circuit pattern is formed is manufactured, whereas, in 
step 203 (wafer manufacturing step), a wafer is manufactured using materials such as 
silicon. 

[0185] Next, in step 204 (wafer processing step), the actual circuit or the like 
is formed on the wafer by lithography or the like in a manner which will be described 
later on, using the mask and wafer prepared in steps 201 to 203. Then, in step 205 
(device assembly step), device assembly is performed using the wafer processed in 
step 204. Step 205 includes processes such as the dicing process, the bonding 
process, and the packaging process (chip encapsulation) when necessary. 

[0186] Finally, in step 206 (inspection step), tests on operation confirmation, 
durability, and the like are performed on the devices made in step 205. After these 
steps, the devices are completed and shipped out. 

[0187] FIG. 13 is a flow chart showing a detailed example of step 204 
described above when manufacturing a semiconductor device. Referring to FIG. 13, 
in step 211 (oxidation step), the surface of the wafer is oxidized. In step 212 (CVD 
step), an insulating film is formed on the wafer surface. In step 213 (electrode 
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formation step), an electrode is formed on the wafer by vapor deposition. In step 214 
(ion implantation step), ions are implanted into the wafer. Steps 211 to 214 described 
above make up a pre-process in each stage of wafer processing, and the necessary 
processing is chosen and is executed at each stage. 

[0188] When the above pre-process is completed in each stage of wafer 
processing, a post-process is executed in the manner described below. In this post- 
process, first, in step 215 (resist formation step), the wafer is coated with a 
photosensitive agent. Next, in step 216 (exposure step), the circuit pattern on the 
mask is transferred onto the wafer by the lithography system (exposure apparatus) and 
the exposure method described above. And, in step 217 (development step), the wafer 
that has been exposed is developed. Then, in step 2 1 8 (etching step), an exposed 
member of an area other than the area where the resist remains is removed by etching. 
Finally, in step 219 (resist removing step), when etching is completed, the resist that is 
no longer necessary is removed. 

[0189] By repeatedly performing such pre-process and post-process, multiple 
circuit patterns are formed on the wafer. 

[0190] When the device manufacturing method of the embodiment described 
so far is used, because the exposure apparatus described in each of the embodiments 
above is used in the exposure process (step 216), the pattern of the reticle can be 
transferred on the wafer with good accuracy. As a consequence, the productivity 
(including the yield) of highly integrated microdevices can be improved. 

Possibilities for Industrial Application 

[0191] As is described above, the exposure apparatus in the present invention 
is suitable for transferring a pattern onto a substrate. In addition, the device 
manufacturing method in the present invention is suitable for producing microdevices. 
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Scope of Patent Claims 



1 . An exposure apparatus that illuminates a pattern with an energy beam and 
transfers said pattern onto a substrate via a projection optical system, said exposure 
apparatus comprising: 

a table on which a substrate is mounted that can move two-dimensionally 
while holding said substrate; and 

a hydrostatic bearing unit arranged on an image plane side of said projection 
optical system, said unit including at least one hydrostatic bearing that supplies liquid 
in a space between a bearing surface facing said substrate mounted on said table and 
said substrate so as to maintain the distance between said bearing surface and the 
surface of said substrate by static pressure of said liquid. 

2. The exposure apparatus of claim 1, wherein in a state where high refractive 
index fluid having a higher refractive index than air constantly exists in the space 
between said projection optical system and the surface of said substrate, exposure of 
said substrate is performed with said energy beam via said pattern, said projection 
optical system, and said high refractive index fluid. 

3. The exposure apparatus of claim 2, wherein said high refractive index fluid is 
liquid. 

4. The exposure apparatus of claim 3, wherein liquid for said hydrostatic bearing 
is used as said high refractive index fluid to fill the space between said projection 
optical system and said substrate on said table. 

5. The exposure apparatus of claim 1, wherein said at least one hydrostatic 
bearing is arranged in a state where a positional relation with said projection optical 
system is constantly maintained in a direction of an optical axis of said projection 
optical system. 

6. The exposure apparatus of claim 1, wherein an optical member closest to said 
substrate that constitutes said projection optical system has a spherical surface on the 
pupil plane side and a planar surface on the image plane side. 

7. The exposure apparatus of claim 6, wherein said planar surface on the image 
plane side of said optical member closest to said substrate constituting said projection 
optical system is substantially co-planar with said bearing surface of said hydrostatic 
bearing. 
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8. The exposure apparatus of claim 1, wherein said hydrostatic bearing unit 
supplies said liquid to a space between said bearing surface of said at least one 
hydrostatic bearing and said substrate, and also drains liquid in said space between 
said bearing surface and said substrate outside using negative pressure. 

9. The exposure apparatus of claim 8, wherein said at least one hydrostatic 
bearing is arranged in a state surrounding a projection area of said pattern on said 
substrate. 

10. The exposure apparatus of claim 9, wherein said at least one hydrostatic 
bearing is a single bearing that has a bearing surface which surrounds said projection 
area of said pattern on said substrate. 

1 1 . The exposure apparatus of claim 9 5 wherein on said bearing surface of said 
hydrostatic bearing, a plurality of ring-shaped grooves are formed multiply, said 
plurality of ring-shaped grooves containing at least one each of a liquid supply groove 
and a liquid drainage groove. 

12. The exposure apparatus of claim 11, wherein said plurality of grooves include 
a liquid supply groove, and at least one each of a liquid drainage groove, said liquid 
drainage grooves formed on both the outer and inner sides of said liquid supply 
groove, respectively. 

1 3 . The exposure apparatus of claim 1 , wherein said table has a plate whose 
surface position is movable, said plate being arranged around a mount area where said 
substrate is mounted. 

14. The exposure apparatus of claim 13, wherein an elastic member is arranged in 
a space between said table and said plate. 

1 5. The exposure apparatus of claim 1, wherein an optical member closest to said 
substrate that constitutes said projection optical system is a divided lens that has a first 
segment element whose image plane side is a planar surface and a second segment 
element that engages with said first segment element via a fluid layer formed on the 
outer surface of said first segment element, said second segment element having an 
outer surface located on the pupil plane side of said projection optical system that is a 
curved surface. 
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16. The exposure apparatus of claim 15, wherein said second segment element is 
fixed to the barrel of said projection optical system, and said first segment element is 
held by said hydrostatic bearing in a state where said bearing surface and said planar 
surface becomes substantially co-planar with each other. 

17. The exposure apparatus of claim 1, wherein an optical member closest to said 
substrate that constitutes said projection optical system has a planar surface on the 
image plane side and is held in a state where said bearing surface and said planar 
surface becomes substantially co-planar with each other. 

18. The exposure apparatus of claim 9, said exposure apparatus further 
comprising: 

a gap sensor arranged in said hydrostatic bearing that measures the distance 
between said bearing and said surface of said substrate in at least one measurement 
point, wherein said hydrostatic bearing unit adjusts at least one of negative pressure 
for draining said liquid and positive pressure for supplying said liquid, according to 
measurement values of said gap sensor. 

19. The exposure apparatus of claim 1, said exposure apparatus further 
comprising: 

at least one fluid static bearing that is arranged facing said hydrostatic bearing 
via said table, said fluid static bearing supplying fluid to a space between a bearing 
surface facing said table and said table so that a gap between said bearing surface and 
a surface of said table can be maintained by static pressure of said fluid. 

20. The exposure apparatus of claim 19, wherein said fluid static bearing is a 
single bearing that has a bearing surface which surrounds an area corresponding to a 
projection area on the opposite side of a surface of said table where said substrate is 
mounted. 

2 1 . The exposure apparatus of claim 20, wherein a plurality of ring-shaped 
grooves are multiply formed on said bearing surface of said fluid static bearing, said 
plurality of grooves containing at least one each of a fluid supply groove and a fluid 
drainage groove. 

22. The exposure apparatus of claim 21, wherein said plurality of grooves include 
a fluid supply groove, and at least one each of a fluid drainage groove, said fluid 
drainage grooves formed on both the outer and inner sides of said fluid supply groove, 
respectively. 
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23. The exposure apparatus of claim 19, wherein said fluid is liquid. 

24. The exposure apparatus of claim 1 5 wherein said distance between said bearing 
surface and the surface of said substrate is to be maintained larger than zero and 
around 1 0 jam and under. 

25. The exposure apparatus of claim 1, said exposure apparatus further 
comprising: 

a position detection system that detects positional information inside said two 
dimensional surface of said table. 

26. An exposure apparatus that supplies liquid in a space between a projection 
optical system and a substrate, illuminates a pattern with an energy beam, and 
transfers said pattern onto said substrate via said projection optical system and said 
liquid, said exposure apparatus comprising: 

a first table where a mount area of said substrate is formed and the surface of 
an area around said mount area is set substantially flush to the surface of a substrate 
mounted on said mount area, said first table being movable within an area of a 
predetermined range that includes a first area containing a position just below said 
projection optical system where said liquid is supplied and a second area on one side 
of an axial direction of said first area; 

a second table whose surface is set substantially flush to the outside, said 
second table being movable independently from said first table within an area 
including said first area and said second area; and 

a stage drive system that drives said first table and said second table, and also 
drives said first table and said second table simultaneously while maintaining a state 
that is both tables being close together or both tables being in contact in said axial 
direction, from said second area side toward said first area side in said axial direction 
on a transition from a first state where one of said tables is positioned at said first area 
to a second state where the other table is positioned at said first area. 

27. The exposure apparatus of claim 26, wherein a mount area of said substrate is 
formed on said second table, and said second table is set so that its surface including 
the surface of said substrate mounted on said mount area is substantially flush. 

28. The exposure apparatus of claim 27, said exposure apparatus further 
comprising: 
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an alignment system that detects alignment marks on a substrate, wherein on 
said transition operation, a substrate after exposure is mounted on said one of said 
tables, while on said other table, a substrate after mark detection by said alignment 
system is mounted. 

29. The exposure apparatus of claim 28, wherein at least one of said first table and 
said second table constantly faces said projection optical system via said liquid when 
an exposure processing sequence of a plurality of substrates is performed. 

30. The exposure apparatus of claim 26, wherein the two-dimensional position of 
said first table and said second table is measured for each table. 

3 1 . The exposure apparatus of claim 30, wherein at least one of said first table and 
said second table constantly faces said projection optical system via said liquid when 
an exposure processing sequence of a plurality of substrates is performed. 

32. The exposure apparatus of claim 26, said exposure apparatus further 
comprising: 

a hydrostatic bearing unit arranged on an image plane side of said projection 
optical system, said unit including at least one hydrostatic bearing that supplies liquid 
in a space between a bearing surface facing said substrate mounted on a table located 
in said first area and said substrate and maintains a spacing between said bearing 
surface and the surface of said substrate by static pressure of said liquid when one of 
said first table and said second table is located in said first area. 

33. A device manufacturing method including a lithographic process, wherein in 
said lithographic process, a device pattern is transferred onto a substrate using an 
exposure apparatus in any one of claims 1 to 32. 
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